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HIGH-SPEED GEAR PUMPS 


FOR THE NEXT GENERATION 
OF AIRCRAFT-MISSILES- SPACECRAFT 


High performance hydraulic 
pumps by Eastern are uniquely 
suited to the exacting operating 
requirements demanded in the 
craft of tomorrow. 


Check these Eastern gear pump 
features — do they suggest a 
solution to your present design 
problem? 


Small size: Eastern gear pumps are the smallest, lightest made. Airborne servo 
system pump shown delivers 1.5 gpm @ 1500 psig — measures only 1%” X 17%” 
X 234”, weighs 9 oz. 


Wide performance range: pumps available have theoretical displacements 
from .0016 to .0419 cu. in. per revolution — flow from .025 to 2.0 gpm, pressures 
from 0 to 2000 psig, at speeds to 24,000 rpm. Weights with motor range from 
1.5 to 8.5 Ibs. 


Unaffected by extreme environments: rugged, reliable Eastern units take 
loads to 50g in stride — shrug off temperature differentials to meet MIL specs. 


Flexibility, economy: mass-produced components can be teamed into the pre- 
cise configuration you need. Creatively-engineered custom pumps also available. 
Contact Eastern for creative contributions to help you solve 

your hydraulic pump or power problems. Write for Bulletin 360 

— your complete new guide to Eastern aviation products. 


EASTERN INDUSTRIES, INC. 


100 SKIFF STREET e HAMDEN, CONN. 
West Coast Branch Office: 1608 Centinela Ave., Inglewood 3, Calif. 


HYDRAULIC POWER ELECTRONIC COOLING REFRIGERATION-TYPE COOLING 
PRESSURIZATION-DEHYDRATION * SERVO-VALVE HYDRAULIC SYSTEMS e 
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ANOTHER “FIRST* FROM GOODYEAR AVIATION RESEARCH 


OVERLAPPING 


NON- 
OVERLAPPING 


1 
2 


Assures minimum attenuation with maximum tracking accuracy 


THE CHALLENGE: always before, overlapping sections of rubberized fabric have caused a certain 
amount of beam distortion at the seams. 


THE GOODYEAR ANSWER: an entirely new kind of inflatable radome construction. Now, gore 
patterns butt together—joined by an improved sealing compound—with only a hairline of separation 
between them. There is no bulky overlapping—no double-thick seam. Fabric has been improved too. 
It's a new high-strength synthetic material that weighs 20% to 25% /ess than previously used fabrics 
— requires no periodic painting — assures all-weather protection. 


WHAT IT MEANS TO YOU. New uniform thickness radomes by Goodyear provide better electrical 
transparency, minimum beam shift and boresite error, unparalleled mobility, improved transmission 
qualities on high and low frequencies. Since they weigh less, they're easier to transport. Since 
they're exceptionally strong, they can withstand wind velocities to 150 m.p.h. And they are ideally 
suited for tactical operations—can even be air-dropped into remote areas and quickly inflated at the 
erection site. Available in sizes to 100 feet in diameter. 


FOR MORE INFORMATION on this major advance in radome development-— including engineering 
brochures and fabric samples — call or write The Goodyear Tire & Rubber Company, Aviation 
Products Division, Dept. !-1711, Akron 16, Ohio, or Los Angeles 54, California. 


More aircraft land on Goodyear Tires, Wheels and Brakes than on any other kind 
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Ability of a space vehicle to maneuver, and to rendezvous with other 
spatial objects at the will of its crew, 1s essential to the conquest 
of space, according to Everett T. Welmers, AFIAS, Bell Aircraft 
Corporation Director of Plans and Programs. Hts current thoughts 
on “Space Applications for Rocket Vehicles’ are presented exclusively 
in this issue of Aero/ Space Engineering, and such a vehicle— a manned 
glider with a large rocket engine—has been envisioned for our cover by 
Carlton F. Zoschke, Technical Publications, also of Bell. Attitude 
control will permit orienting thrust relative to flight path, thus changing 
the plane or radius vector of the orbit. Dr. Welmers lists velocity 
increments and energy requirements for such maneuvers and discusses 
problems requiring effort, to conclude that a maneuverable manned space 
glider ts feasible in the light of technical knowledge. 
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Featured in this issue 


National Turbine-Powered Air Transportation Meeting to Be Held November 
17-18 


Preliminary plans list technical sessions, papers, and panel discussions. 


1,804 Registered at National Summer Meeting for New Record 
Attendance up 32 per cent over last year; 84 speakers heard at day and night technical sessions. 


Letters to the Editor 
All readers are invited to voice their opinions—technical or otherwise. 
Engineering and Science in Space (Editorial) 


Pertinent observations on the modern partnership of these philosophies, 
working for the benefit of society. 


Space Applications for Rocket Vehicles 
Man will have to maneuver at will from point to point in space. 
glider is suggested. 


A rocket-driven manned space 


Performance Criteria for Aircraft Localizer Guidance Systems During the Low 
Approach 
An analysis permitting appraisal of system components and determination of the extent to which 
standardization can be achieved with present equipment and site configurations. 


Should the Laws of Gravitation Be Reconsidered? Part |—Abnormalities in the 
Motion of a Paraconical Pendulum on an Anisotropic Support 


A test brought about effects that “‘must be considered as produced by the direct action 
of a new field.” 


Transverse Shear Stiffness for the Double "V" Corrugated-Core Sandwich Panel 
Predicting one of the elastic constants for the panel identified by the title. 


Radiator Areas of Thermopile Generators in Space 
Consideration of the radiating surface area required to reject waste heat from a power package in 
space by thermal radiation. 


A Quantitative Analysis of the Characteristics and Limitations of Aerodynamic 
Flight Within the Atmosphere. Part |l—Limitations 
Taking up the Cruising Flight Regime, including the practical limits of aerodynamic flight. 


Departments 


IAS News, General 85 International Abstracts 

News of Members 114 IAS Reports 

Necrology 122 IAS National Summer Meeting Papers 
‘ 

Corporate Member News 122 Special IAS Publications 

123 Books 

Dateline World 126 Fairchild Publication Fund Papers 

IAS Section News 129 Personnel Opportunities 

Reviews 132 Index to Advertisers 
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WORLD'S LARGEST PRODUCER 
OF COMPONENTS FOR FLIGHT 


AIRCRAFT CORPORATION 


CHULA VISTA AND RIVERSIDE, CALIFORNIA 
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designed and built 


F-100 THRUST 
REVERSER 


allows full thrust 
for more control 
at slower speeds 


With full test stand trials 
completed, Rohr’s fighter 
aircraft thrust reverser units 
are now undergoing flight 
tests by North American. 
This modulating type 
reverser was designed to be 
an integral part of the 
glide path control system, 
and to reduce ground roll 
during landing operations. 
The added safety of full 
thrust at slowed landing 
speeds and other in-flight 
aids are apparent. 

Rohr engineers, with heavy 
experience in the field of 
thrust reversers, carried full 
responsibility from initial 
concept to working 
prototypes. 


| 
: 
H 
i 
i 


Harrison Oil Coolers... 


HALT HEAT ON THE HILLER 


General Motors Controls Temperatures on New Lycoming- 
Powered Hiller Helicopter! 


From take-off to touch-down ... this versatile new Hiller 12E takes over, 
whether it’s toting tons of cargo or on traffic control. And Harrison 

takes over the vital engine-oil cooling job! This hard-working ’copter, 
powered by the new Lycoming VO 540 engine, can carry 65 percent 

more payload 50 miles farther than its commercial predecessor. 

This takes cool power . . . and plenty of it! Harrison takes these strenuous 
temperature-control assignments in stride. Backed by nearly a half 
century of experience in the engineering, research and manufacture of 
top-quality heat-transfer products, Harrison heat exchangers are 

found on every type of aircraft from civilian planes to intercontinental 
jets. If you have a cooling problem, look to Harrison for the answer. 


TEM 
es 
Mabe TO ORDER 


AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 


Harrison aircraft oil coolers— 
another quality product of 
General Motors research. 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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Titanium tops in 
Tapco Group’s Tests 


(Test data courtesy of 
Thompson Ramo Wooldridge) 
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Titanium rocket 


with guaranteed tensile 


VARIATION OF ULTIMATE STRENGTH/WEIGHT 
RATIO WITH TEMPERATURE 
(of comparable ductilities) 


APPROXIMATE VARIATION OF YIELD 
STRENGTH/DENSITY RATIO 
WITH TEMPERATURE 


1. MST GAI-4V Titanium Alloy 
1 2. 5% Cr. Tool Steel 2 
Key: 3. Aluminum 7075-T6 rap 
ay: 1. 13V-11Cr.-3Al (all Beta titanium alloy) 
10 1 2. MST GAI-4V Titanium Alloy 
\ 3. 5% Cr. Tool Stee! 
9 4. Alloy Steel SAE 4340 
& ~ 7. Stainless Stee! 403 =| 
8 8. 1:1 Reinforced Plastic Laminate 8 
ra NK 2. Cobalt Base Hi-Temp Alloys 
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alloy) 


motor case 


strength/weight ratio of 960,000 


New, advanced type, solid-fuel propellants 
... plus the need to achieve maximum 
range ... demand an entirely new look at 
tensile strength/weight ratios in missile 
components. For example, designers can no 
longer tolerate rocket cases whose inert mass 
approximates 20% of total unit weight. 
Today’s goal: hold rocket-case weight to 
less than 10% of propellant weight. 


To achieve this goal, tensile strength/weight 
ratios of close to 1,000,000 are required in 
the rocket case. In this range, welded 
heat-treated steels develop severe 
embrittlement and high notch sensitivity 
when subjected to rocket case hoop stresses 
— largely ruling out their use. Titanium 
overcomes these disadvantages, plus 

giving a weight saving of 25% to 38% 

over the best competitive steels! 


Extensive development work and testing 

by the Tapco Group of Thompson Ramo 
Wooldridge has conclusively proved Mallory- 
Sharon 6AI-4V titanium alloy to be the 

most suitable material for this application 
(see charts at left). It provides the necessary 
strength and ductility without embrittlement 
or distortion. It can be readily welded 

and age hardened to give the welded 
strength/weight levels required. In view of 
titanium’s outstanding advantages and 
continuous reductions in cost, any price 
difference becomes insignificant. 


Thompson’s excellent experience with 
MST 6AI-4V titanium alloy enables this 
leading component parts producer to 
guarantee performance and strength ratios 
of its titanium rocket motor cases... in 
sizes up to 60” diameters, 20-ft. lengths. 


Here’s important proof of titanium’s 
growing advantages in missile applications 
...and of Mallory-Sharon’s ability to 
furnish material to meet the most exacting 
quality specifications. For technical 
information or application assistance 

write to: Aircraft & Missile 

Development Dept., Mallory-Sharon 
Metals Corporation, Niles, Ohio. 


Ring rolled cylinder and formed dome of Mallory-Sharon 


Tungsten arc inert gas welding of titanium dome to cylinder 
(final 


6AlI-4V titanium alloy. 


Pass). 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION *« NILES, OHIO 


producer of Titanium + Zirconium + Special Metals 
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Write for “Janitrol Resources,” brochure on Janitrol capabilities. 


Aero Space Engineering 
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167 Operations 
to Reliability 


The machine operator in the foreground 

is chamfering a bore—the 37th operation on 
a Janitrol pneumatic control body. 

He works routinely to +.0001” and 

has the mental flexibility to adapt to rapid 

design changes. He’s been machining aircraft 
pneumatic parts for many years and has 

a deep respect for precision as an 

essential factor in reliability. 


Janitrol people—whether designing heat 
exchangers, testing pneumatic controls, 
or fabricating high performance duct 
couplings—know that sudden design change 
is part of the means to reliability. 
They can handle it. 


When your advanced missile and 
aircraft designs demand imaginative and 
knowledgeable sub-system management, 
and when you need a proposal for air 
supply systems, controls, heat exchangers, 
duct couplings and supports, or combustion 
systems for aircraft and ground support, 
call on your Janitrol Engineering 
Representative. Janitrol Aircraft Division, 
Surface Combustion Corporation, 

4200 Surface Road, Columbus 4, Ohio. 


duct couplings and supports * heat exchangers * combustion equipment for aircraft, missiles, ground support 
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call Shafer in 


The earlier you count on Shafer Bearing performance in 
advanced designs, the surer you'll be of successful missile 
control systems at final count-down. 


High temperatures... high loads...thermal shock...all these are 
familiar problems to missile designers and to Shafer engineers, 


- for Shafer has pioneered in the research and development of 


high temperature control bearings for missiles of advanced 
design and proven capability. 


The famous exclusive design features that have made Shafer 
first choice for the toughest bearing applications in the airframe 


_industry—greater capacity for its envelope dimensions. and 


weight...integral self-alignment with full capacity... greater 
resistance to shock loadings and vibrations—may provide the 
answer to your missile control system bearing problems. 


So before you cut tin, be sure to call Shafer in. 
Shafer Bearing Division, Company, 
Downers Grove, 
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VINCO CORPORATION 
9111 Schaefer Highway 
Detroit 28, Michigan 


Aero / Space Engineering 


Do you need 


EXTREMELY ACCURATE TEST STAND 


Inertial Guidance Syste 


see VINCO 


oe, Precision has been Vinco’s most important prod- 
uct for more than thirty years. The ability to 
work to extremely close tolerances is an indis- 
pensable asset to the missile manufacturer re- 
quiring Gyro System Test Stands. 


Vinco manufacturers extremely accurate test 
stands complete with gearboxes. These gear- 
boxes isolate the Gyro System from the effect of 
the earth’s rotation. Vinco invites you to submit 
your guided missile test stand problems. 


Inspection of a Vinco Sidereal Gear- 
box by an autocollimator and poly- 
gon reflector segment. Output 
accuracy limit of complete gear 


train is 3.6 seconds of arc; 


gear ratio 2,584,800 - 1. fs 
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ohns-Manville announces new 


This one new product 


LAD Insulation 


answers 4 basic thermal 


high heat capacity 
plus erosion resistance 


high strength 


l New Min-Klad insulation is engineered and molded to your design requirements. 


Combines the capabilities of asbestos-reinforced plastic 
with the dramatically low conductivity of MIN< K) insulation! 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Does more than plastic alone 


Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 


It also insulates . . . and with dra- 
matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 
thermal conductivity that is actually 


lower than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Wide range of applications 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


temperatures! For high heat capacity 
of asbestos-reinforced plastic combined 
with the low conductivity and heat ca- 
pacity of Min-K result in a product that 
provides minimum heat transfer under 
transient conditions. 


Min-Klad is now being tested for ap- 
proximately two dozen missile and 
rocket designs. Why not investigate this 
new material for your present thermal 
requirements? Upon request, we'll be 
pleased to send you a sample of the 
material along with detailed technical 
information. Write Johns-Manville, 
Box 14, New York 16, New York. (Ask, 
too, for information on Min-K insula- 
tion and the new aviation insulation 
brochure IN-185A.) In Canada: Port 
Credit, Ontario. 


JoHNS-MANVILLE 
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THE TRADITIONAL advantages 
of aluminum—at temperatures up 
to around 500° F—can now be ex- 
tended to temperatures hundreds 
of degrees higher than conventional 
aluminum can take. 


THANKS TO Alcoa’s pioneering 
with the metallurgical technique 


known as “dispersion hardening,” 


solid aluminum products reformed 
from powdered aluminum by heat 
and pressure take on new qualities. 
They are fine-grained, hard, tough, 
sapphire-like in brilliance, and 
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New Aluminum Powder Metallurgy Products Open New Application Horizons 


amazingly resistant to heat effects. 


ALUMINUM POWDER metallurgy 
products—““APMP” for short— 
are available in a family of four 
alloys. They are usually extruded 
into forms which can subsequently 
be further extruded, rolled, forged, 
drawn or impacted by conventional 
metal-working methods. Where 
you need the properties of alumi- 
num, but where temperatures seem 
“too high’ for conventional alu- 
minum products, chances are that 
one of these four alloys may solve 


Your Guide to the Best in Aluminum Value 
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a host of hectic problems. 


NATURALLY, there’s more to the 
story than we’ve been able to pack 
into this limited space. If you'd 
like to know more, please write for 
our free booklet, A/coa’s Aluminum 
Powder Metallurgy (APM) Alloys. 
Aluminum Company of America, 
2028-J Alcoa Building, Pittsburgh 
19, Pennsylvania. 


— For exciting drama 
* watch ‘Alcoa 
Presents’’ every 
ALCOA ©). Tuesday, ABC-TV, 


} oe and the Emmy 
ALU AATN GAR Award winning 

company or awenica “Alcoa Theatre” 

j alternate Mondays, 
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From touch-down to the end of the 
landing run, Bendix brakes provide 
smooth and certain ground control for 
the magnificent new jet airliners... 
To get brakes that measure up to the 
exacting standards of these swept wing 
giants, it was entirely logical to look to 


JETLINERS DEMAND JET-AGE BRAKES 


the world’s most experienced supplier 
. .. For similar reasons, Bendix brakes 
are regular equipment on the largest 
and fastest military jets, as well as fully 
certified by FAA for the new civilian 
jets ... BRAKES BY BENDIX is another 
important reason why you can fly the 
jetliners with complete assurance. 
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BASIC REQUIREMENTS 
for outer space 


The space/missile era has made it essential for to- 
day’s components and systems to function precisely 
in environments that are literally out-of-this-world. 
Such stringent requirements can only be met by 
companies long experienced in component design 
and with proved records of imaginative engineering. 
Kearfott, long the leader in servo component design 
and production, has consistently looked into the 
future to anticipate the increased performance char- 
acteristics missile components must supply. As a 
result, it has not only developed an entirely new 
generation of precision components but established 
the ability to create radically new concepts in sensors 
and control elements. 


THE PROBLEM: HIGH ACCURACY 

THE SOLUTION: Synchros with maximum error from elec- 
trical zero of 20 seconds. Tachometers with linearity .05% 
over the speed and temperature range. 


THE PROBLEM: HIGH AND LOW TEMPERATURE 
THE SOLUTION: Servomotors, synchros and tachometers 
are now available for the temperature range of —54°C 
to 200°C with new developments soon to increase the 
range to 400°C. 


THE PROBLEM: RADIATION RESISTANCE 

THE SOLUTION: Kearfott servomotors, synchros and 
tachometers operate at 200°C and can withstand radia- 
tion of 10° through 10” roentgens. 


SIZE 25 


THE PROBLEM: SHOCK AND VIBRATION 

THE SOLUTION: All Kearfott components can be supplied 
to function as required during or after 20 g’s shock or 
2000 cps vibration. 


THE PROBLEM: MINIATURIZATION 

THE SOLUTION: Size 5 synchros and servomotors. Size 8 
components are outstanding examples of Kearfott’s ability 
to combine miniaturization with precise performance. 


SIZE 11 


THE PROBLEM: LONG LIFE 

THE SOLUTION: Components are being developed which 
will operate continuously for 12 months in a total vacuum, 
the environment of outer space. 


Representative of Kearfott’s ability to look ahead are J SIZE 11 
such current areas of development as Solid State 
Transducers and Control System Components. You A 

ean take advantage of Kearfott’s long- GENERAL 
established know how in developing precision Kearfott PRECISION 
components for today — and tomorrow — by COMPANY 


writing for details concerning your specific 
requirements. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


A of Precision Equipment Corporation 
les and Engineering Offices: 1500 Main Ai Clifton, N. J 
Engineers: Kearfott offers challenging opportunities Midwest Olfice: 23 W. Calendar Avenue, Lo Gronge, Illinois 


‘ South Central Office: 6211 Denton Drive, Dallas, Texo 
in advanced component and system development. West Coast Olfice: 253 N. Vinedo Avenue, Pasadenc, California 
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GPL’s experience and ingenuity are at work | A 
assisting the FAA Bureau of Research and 
Development in the creation of a modern 

data processing central, the heart of | 
tomorrow's air traffic control system. 

The central will receive up to 400 aircraft Pe 
flight plans hourly, ‘‘remember"’ 1,000 
such plans simultaneously and transmit 
200 plans and 800 updates hourly to ¢ 
adjacent centers. Automatic processing ‘< 
and unique displays of such data will make | ‘a 
significant contributions to the efficient i 
control of aircraft in en-route, transition 
and terminal areas. ; 


The FAA data processing central is just one 
of a number of airborne and ground-based > 
programs reflecting GPL’s capabilities 

in the data handling field. These programs 
are supported by GPL’s proven ability to 
understand the customer's problem and 
capacity to anticipate future requirements. 
The GPL organization is ‘‘systems oriented,” 
offers complete capabilities ranging from 


research, engineering and manufacturing 
to customer service. 
Why not put these broad capabilities — 
to work on your problem? ’ 


GPL Avionic Division/airborne navigators/missile guidance/ 
radar/airborne computers/data handling systems/ 
communications equipment/infra-red/ closed-circuit TV. 


AIRCRAFT-— COMMERCIAL 
PRIVATE, MILITARY 


ADC, SAGE, SAC. 
s 


¢ MILITARY OPERATIO 


N 
OFFICES. 


MILITARY TOWERS . 


‘MILITARY-CIVIL RAPCON 


WEATHER BUREAU | 


AIRLINE DISPATCH 
(RADIO) OFFICES 


CAA TOWERS 


AIR TRAFFIC 
COMMUNICATIONS 
STATIONS (ATGS)— 


ADJACENT ARTCCS 


ENGINEERS — GPL achievements have opened some unusual 
research and development opportunities. Send resume to 
Personnel Director. 


A 
GENERAL 
PRECISION 
COMPANY 


ENGINEERING MANUFACTURING GUSTURES SERVICE GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 
RESEARCH / FLIGHT TESTING /‘ENVIRONMENTAL TESTING A idiary of G 1 Precision Equi t Corporation 


equipment for the Federal Aviation Agency. 
PTW 1708 1 ~ 
© 
HGT 
ESR PNE 1723 
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/ 
/ 
- 
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-October 1958, when the Thor-Able lunar probe soared 
79,000 miles, was a time of quiet pride for Clay Boyce. 
Design engineer Boyce was responsible for successfully 
predicting the in-flight performance of the Aerojet second 
stage of the Able vehicle. 

Clay Boyce has gone on to become an Aerojet Systems 
Division group leader, in charge of design and installation 
for the next generation of Able upper-stage vehicles for 


C.D. Boyce 


scientific and military applications. You’ll agree, a mighty 
important assignment for a BSME still in his twenties. 
Clay Boyce, with Aerojet since 1955, exemplifies the 
possibilities that exist at Aerojet for professionally gifted 
younger men to perform tasks of engrossing interest. 
We'd be delighted to hear from you. Write: Director of 
Scientific and Engineering Personnel, Box 296B, Azusa, 
California, or Box 1947B, Sacramento, California. 


AZUSA AND NEAR SACRAMENTO, CALIFORNIA « A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 
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COMPUTATION ATTUNED TO TEAMWORK 


TAKES A LOT OF PUSH IN THE RIGHT PLACES TO PUT A PROGRAM INTO SPACE. BURROUGHS CORP 
ATION CONCENTRATES ON COMPUTATION—EVERY PHASE FROM BASIC RESEARCH THROUG 
PRODUCTION TO FIELD SERVICE. APPLY IT TO A TEAM AND THINGS HAPPEN. FOR BURROUGE 
ORPORATION HAS THE PROVED COMPETENCE TO MAINTAIN THE INTERFACING RELATIONSHIPS AN 
WTERTEAM COMMUNICATIONS THAT ACHIEVE SPACE OBJECTIVES COMPATIBLY AND EFFICIENTLY. 


roughs 


Burroughs Corporation 
“NEW DIMENSIONS / in computation for military systems” 
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Explorer VI 


- 


- 
- 
- 


- 


“space laboratory 


orbiting 
around 
the 


earth 


~ 


~ 
s ~ 
wi 


paddles 


capturing 
sunlight 
for 
power 


How ? Because Explorer VI’s 132 pounds of 
electronic components are powered by storage 
batteries kept charged by the impingement 


The scientific data that will some day enable 
us to probe successfully to the very fringes of 
the universe is being recorded and transmitted 
at this moment by the space laboratory of solar radiation on 8,000 cells in the four 
Explorer VI, a satellite now in orbit around sails or paddles equivalent to 12.2 square feet 
the earth @ This project, carried out by Space in area @ Many more of the scientific and 
Technology Laboratories for the National technological miracles of Explorer VI will be 
Aeronautics and Space Administration under reported to the world as it continues its epic 
the direction of the Air Force Ballistic Missile flight. The STL technical staff brings to this 
Division, will advance man’s knowledge of: space research the same talents which have 


The earth and the solar system...The magnetic provided sy stems rns and over-all 
; direction since 1954 to the Air Force Missile 
field strengths in space ...The cosmic ray 


Programs including Atlas, Thor, Titan, 
intensities away from earth...and, 

Minuteman, and the Pioneer I space probe. 
The micrometeorite density encountered in 


inter-planetary travel @ Explorer VI is the 
most sensitive and unique achievement ever 
launched into space. The 29” payload, 

STL designed and instrumented by STL in 
cooperation with the universities, will remain 
“vocal” for its anticipated one year life. 


Important staff positions in connection with 
these activities are now available for 
scientists and engineers with outstanding 
capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, 
astrophysics, computer technology, and 
other related fields and disciplines. 


Inquiries 
and resumes 


Laboratories, Inc. invited 


P.O. Box 95004 
Los Angeles 45, California 


Space Technology 


Aero/Space Engineering + September 1959 


| 
| 
| 
| 
. | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
In 
| 
inc 
FS 
i 
j 
| 


Keep them 
Accurate... 


General Radio Type 1429-A Fuel-Gage Tester 
checks the fuel-gage system in a typical 
commercial aircraft, an American Airlines’ 
Boeing 707 Jet Flagship. 


In use, the Tester’s precision capacitors simulate 
the capacitive sensing elements in the aircraft's 
fuel tanks. The Tester dials are set to the known 
capacitance of the tank elements for a given 
quantity of fuel. The gage is then adjusted to 
indicate the simulated fuel quantity correctly. 


. with the New 
Type 1429-A Tester | 


for capacitance-type simi fuel gages. 


Military designation is TTU-68/E (fulfills same function as military 
Type MD-1 or former General Radio Type P-579 Tester). 


* Can be used for calibrating fuel gages in either jet or propeller- 
driven aircraft. 

* Incorporates compensating capacitors to correct for dielectric 
variations in different types of jet fuels. 

* Smaller, lighter, and easier to read than previous models. 

* Militarized. 


> = = Write For Complete Information 


We've Moved 


GENERAL RADIO COMPANY |.,.,.22: 


First Vacuum-Tube 


Volt 
WEST CONCORD, MASSACHUSETTS ae 
NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO Los ANGELES IN CANADA 
Ridgefield, WHitney 3-3140 Oak Park Abington Silver Spring Los Altos geles 


Toronto 
Village 8-9400 HAncock 4-7419 JUniper 5-1088 Whitecliff 8-8233 HOlpwood 9-6201 CHerry 6-2171 
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niature Gyro 


FIRST IN ADVANCED C 
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Energy conversion is our business 


Earth's attraction for an apple? 
Free fall in relativistic space? 
A complex meson field? 


Built-in return power for project 
Mercury? 


How is it related to binding energy? 


Gravity is both a bane and a boon to man’s 
efforts—and a thorough understanding of 
it is of great significance in the completion 
of Allison’s energy conversion mission. 


Gravity conditions our thinking on ad- 
vanced assignments. For example, in 
outer-space there is a disorientation of 
conventional design. The fact that large 
accelerations can be obtained with low 
thrust forces has taken us into the new field 
of electrical propulsion, ion and magneto- 
hydrodynamic rockets. 


In our inquiries, we supplement our own 
resources by calling on many talents and 
capabilities: General Motors Corporation, 
its Divisions, other individuals and organi- 
zations. By applying this systems engineer- 
ing concept to new projects, we increase 
the effectiveness with which we accom- 
plish our mission — exploring the needs of 
advanced propulsion and weapons systems. 


LISON 


Division of General Motors, Indianapolis 6, Indiana 
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THE HUMAN FACTOR 


Scientists have long been preoccupied with the techno- 
logical problems of Man and the Machine. The increas- 
ingly complex nature of advanced systems has created 
an urgent need to enhance man’s contribution to effective 
systems performance. The complicated nature of this 
relationship requires the skills of psychologists, social 
scientists, mathematicians, and engineers. 


At Ramo-Wooldridge, human engineering, personnel 
selection, individual and system training, display design, 
and communications are successfully integrated into 
systems design and development by the technique of 
large-scale simulation. 


in today's technology 


Simulated inputs enable scientists to observe a system as 
it operates in a controlled environment and make possible 
the collection of data on performance, training, human 
engineering, maintenance, and logistics and support. 
Scientists and engineers use this data to assure the design, 
production, and delivery of a unified system capable of 
high performance and reliability. 


Expanding programs at Ramo-Wooldridge in the broad 
areas of electronic systems technology, computers, and 
data processing have created outstanding opportunities 
for scientists and engineers. For further information con- 
cerning these opportunities write to Mr. D. L. Pyke. 


RAMO-WOOLDRIDGE 


P.O. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


® @ division of 
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National Turbine-Powered 
Air Transportation Meeting to Be Held 
November 17-18 


Preliminary Plans List Technical Sessions, 


Papers and Panel Discussions 


Prans for the National Turbine-Powered Air Transportation Meeting are being 
built around the reporting ot initial successes and problems with civil turbine- 
powered aircraft, as well as conclusions and recommendations in the immediate 


future. The meeting will be held at 
the Fairmont Hotel in San Francisco on 
November 17 and 18. General Chair- 
man is Ray D. Kelly, Director of Tech- 
nical Development Division, United Air 
Lines, Inc. Program Chairman is 
Stanley Moy, Chief of Component 
Overhaul, Pan American World Air- 
ways, Inc. 


Technical Sessions 


To date, three technical sessions have 
been planned. One session. on ‘‘Air- 
port and Ground Operation” will deal 
with the problems and requirements of 
airport design and ground handling and 
servicing of jet transports—towing, 
taxiing, refueling, loading, noise atten- 
uation, reduction of exhaust blast and 
smell, safety precautions, and passenger 
handling at, to, and from airports. 

Another session on “Aircraft Opera- 
tions, Performance, and Maintenance”’ 
will cover the requirements, problems, 
and actual experience of turbine trans- 
port operation to date. 

The third session scheduled—‘‘The 
Future’’—will evaluate types, the appli- 
cation, and the effect of the future 
higher-speed transports. 

Technical Session Chairmen selected 
to date are Marvin Whitlock, Vice- 
President, Capital Airlines, and James 
Weesner, Division Operations Manager, 
Pan American World Airways. 

A number of panel discussions will be 
held at the sessions. Panelists will be 
highly qualified airline management 
representatives. The range of subjects 
to be covered in the several papers pre- 
sented will be airport design and ground 
handling, servicing and fueling, new 
turbine engines, aircraft flight opera- 


Ray D. Kelly 
General Chairman 


tional characteristics and problems, 
traffic control, aircraft design criteria 
and maintenance, the next generation 
of transports, the local service aircraft’s 
contribution to current and future 
needs, and the global aspects of air 
transportation. 


Banquet Speaker 


A banquet dinner will be held on the 
evening of November 17 at 7:00 p.m. 
The Speaker will be William A. Patter- 
son, President of United Air Lines. 
IAS President William Littlewood, 
Vice-President—Equipment Research, 
American Airlines, Inc., will be Toast- 
master. General Quesada’s office of the 
FAA has agreed to provide a speaker for 
the luncheon to be held the same day. 
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Involved in plans for the meeting is 
the San Francisco Section whose Chair- 
man is Robert Crane, Ames Research 
Center, NASA. Committees and their 
heads are: Housing and Meeting Accom- 
modations—Norman R. Bergrun, Staff 
Head, Test System Analysis Depart- 
ment, Lockheed Aircraft Corporation. 
Transportation—Manley J. Hood, 
Technical Assistant to the Director, 
Ames Research Center, NASA. Fi- 
nance—George Kenyon, Ames Research 
Center, NASA. 

Program announcements giving com- 
plete details will be mailed to members. 


Crowley Retires From NASA; 
Abbott Is His Successor 


John W. Crowley, Jr. (F), Director of 
Aeronautical and Space Research for the 
NASA, retired from his post on June 39 
after a 38-year career as a research scien- 
tist. Ira H. Abbott (F), who has been 
Deputy Director, was named successor. 

At a dinner on June 30, marking Mr. 
Crowley’s retirement from government 
service, he was awarded the NASA Dis- 
tinguished Service Medal by T. Keith 
Glennan, NASA _ Administrator. The 
medal was accompanied by a citation 
signed by Dr. Glennan and Dr. Hugh L. 
Dryden, Deputy Administrator. The ci- 
tation noted the outstanding part played 
by Mr. Crowley in accelerating ‘‘progress 
in American aircraft, missiles and space- 
craft by scientific investigations, by devel- 
oping young research scientists, by enlarg- 
ing their vision and building their morale, 
and by promoting teamwork and coopera- 
tion with the military and industry.” 

Mr. Crowley received a B.S. degree in 
Mechanical Engineering from Massachu- 
setts Institute of Technology in 1920, and 
joined the staff of the NACA the following 
year at the Langley Aeronautical Labo- 
ratory. 


Translation of Leading Soviet 
Journal Becomes Available 


The leading Soviet periodical Priklad- 
naia Matematika i Mekhanika (Applied 
Mathematics and Mechanics), which is 
published bimonthly by the Institute of 
Mechanics, Division of Technical Sciences 
of the Soviet Academy of Sciences, is 
being translated and published as a regu- 
lar journal by the Pergamon Institute for 
the American Society of Mechanical Engi- 
neers. The ASME, upon the initiative 
of its Applied Mechanics Division, has 


(Continued on page 26) 
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After 9 years of development, testing and service, 
SPRAYMAT electrothermal ice elimination system 
has been enthusiastically accepted in the United 
States, and is in use on such aircraft as Lockheed’s 
Electra and North American’s Sabreliner, and was 
successfully tested on Lockheed’s C-130A. SPRAYMAT 
has long been in use on such aircraft as the Britannia, 
Comet, Caravelle, Friendship, Vanguard, Viscount 810 
and many others. 

SPRAYMAT can be applied to any surface, of any 
material, however complex the curvature. Simple 
field repairability and aerodynamic and thermal effi- 
ciency assures its superiority to any existing system. 
Basically, as shown in the above diagram, SPRAY- 
MAT consists of, first, a base of insulating resin; next 
a layer of metallic heater element of a controlled, pre- 
determined design pattern; and finally a mirror-finish 


A subsidiary of Pacific Airmotive Corporation, Burbank, California 
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anti-icing/de-icing... 


PacAERO ENGINEERING CORP. 


3021 Airport Avenue, Santa Monica, California » TExas O-2151 » EXmont 1-5281 


OVER 


15,000,000 MILES 
OF SERVICE 


coating of insulating resin. Under normal operating 
conditions, the service life of SPRAYMAT will exceed 
that of the aircraft structure itself! 


Other applications for SPRAYMAT include: 
solid rocket propellent fusing 
radiant heat panels 
heated tools and molds 
de-fogging of camera lenses 
heating of components in unheated 
unpressurized areas 
heat blankets 


PacAero is SPRAYMAT’s sole United States manu- 
facturer and distributor. A call or letter will bring 
you into immediate contact with a well-informed 
SPRAYMAT sales-engineer te discuss the application 
of SPRAYMAT to your specific ice-protection problems. 


Visit our Spraymat exhibit in booth 31 at the SAE Convention in Los An_e es. 
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1,804 Registered at National Summer Meeting for New Record 


Attendance Up 32 Per Cent Over Last Year; 84 Speakers 
Heard at Day and Night Technical Sessions 


INE months of planning for the Institute’s National 
Summer Meeting toppled registration records June 16-19 as 
Los Angeles, Calif., welcomed 1,804 IAS members to 18 tech- 
nical sessions, a field trip, and other events. Chairman of a 
NSM committee of 20, each of whom was assigned coordina- 
tion tasks, was John R. McMaster (M), of Lockheed Aircraft 
Corporation. 

The record registration exceeded last year’s (1,366) by 32 
per cent. Total attendance at the 18 technical sessions, six 
of which were classified, was about 6,241. Three luncheons 
drew a total attendance of 898, while 888 persons attended 
the banquet dance, which was a sell-out a month before it 
took place. 

Eighty-four speakers appeared before the technical sessions, 
held during the mornings and afternoons of the 16th, 17th, and 
18th, as well as at night on the 16th, 17th, and 19th. The 
field trip (see last month’s AERO/SPACE ENGINEERING) was 
attended by 345. 

Technical sessions were held in the Convention Center of 
Los Angeles’s Ambassador Hotel, while the Cocoanut Grove 
accommodated the luncheons and banquet-dance. This 
latter event featured presentation of the 1959 Octave Chanute 
Award—“‘for a notable contribution made by a pilot to the 
aeronautical sciences’—to John P. Reeder, Chief, Flight 
Operations Branch, Flight Research Division, of NASA’s 
Langley Research Center. 

Out of 44 unclassified papers that could be made available 
to registrants prior to the meeting, 43 actually were obtainable 
as IAS Papers. 

Committee members, with their company affiliations noted 
briefly, were: 

J. G. Allen and P. H. Anderson, North American; R. E. 
Bateman, Boeing; L. F. Begin, Northrop; A. C. Brown, 
Wiancko; Ben Cagle, Southern Calif. Co-op. Wind Tunnel; 
C. R. Cantrell and J. S. Clauss, Lockheed; W. W. Dedon, 
Northrop; J. W. Ellinwood, Douglas; F. M. Friedlaender, 
Southern Calif. Co-op. Wind Tunnel; D. L. Kelly, Lockheed; 
Major F. G. Lester, USAF; E. B. MacCuish, Lockheed; 
E. O. Marriott, Hughes; S. W. Mikulka, General Electric; 
K. F. Nicholson, Douglas; Alexander Satin, J. H. Pomeroy; 
R. S. H. Toms, Wiancko; Col. G. M. Townsend, USAF. 


MEETING PARTICIPANTS AND GUESTS 
Seen in top photo are James H. Doolittle (HF), 
Chairman of the Board, Space Technology 

Labs.; Joseph V. Charyk (AF), Asst. Secretary 

of the Air Force for R&D (banquet speaker); and 
IAS Pres. William Littlewood (HF). 

In center photo are Major Gen. John W. Sessums, Jr., 
USAF, Hq., ARDC, and Hall Hibbard (F), Senior 
V-P, and V-P—Engrg., Lockheed. Immediately 
above, Rear Adm. J. P. Monroe, USN, Comdr., 
Pacific Missile Range, converses with Arthur E. 
Raymond (HF), Senior V-P—Engrg., Douglas. 

At far left are Peter Masefield (HF), Managing 

Dir., Bristol Aircraft (luncheon speaker), 

and John R. McMaster (A), Meeting Chairman. In 
photo immediately at left, Major Gen. S. T. 

Wray, USAF, Comdr., W-P AFB, is shown with 
Clark B. Millikan (HF), Dir., Guggenheim Aero. Lab. 
and Southern Calif. Co-op. Wind Tunnel. 
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IAS News (Cont. from page 23) 


secured a grant-in-aid for this purpose 
from the National Science Foundation. 
The ASME Advisory Committee on 
tranlations, headed by George Gerrmann 
of Columbia University, includes William 
Prager AFIAS, of Brown University and 
Leon Trilling of Massachusetts Institute 
of Technology, plus a panel of translators. 
PMM contains papers in applied mathe- 
matics and in both solid and fluid me- 
chanics, and is the recognized publication 
medium for Soviet scientists and engineers 
working in the fields of the aeronautical 
sciences, astronautics, rocketry, and space 
flight. 

No. 1, Vol. 22, 1958, is the first publi- 
cation in this new translation series. 
Issued bimonthly, the annual subscription 
rate is $35, and the magazine is available 
from Pergamon Press, 122 East 55th St., 
New York 22, N.Y. 


ias News 


Daniel J. Fink (AF), Chief Engineer of Allied 
Research Associates, Inc., a subsidiary of Vertol 
Aircraft Corp., has been elected a Vice-President 
of the firm. 


News of Members 


Philip N. Anderson (M) has been named 
Assistant Manager of the Engineering 
Design Department, Vehicle Development 
Laboratory, Space Technology Labora- 
tories, Inc. He was formerly Design 
Supervisor— Missiles. 

Charles Z. Becker (M) has joined the 
staff of the West Coast Missile and Sur- 
face Radar Department, Radio Corpora- 
tion of America, as Manager of Atlas 
ICBM contracts. He was formerly with 
Summers Gyroscope Co. as Sales Manager. 
C. W. Chillson (AF) has taken a year’s 
leave of absence from his position as 
Assistant Chief Engineer, Propeller Divi- 
sion, Curtiss-Wright Corp., to join the 
Advanced Research Projects Agency, 
Institute for Defense Analysis, Washing- 
ton, D.C. 

Gabriel C. Danch (M) has been named 
Manager of the Washington Office of U.S. 
Industries, Inc. He was formerly with 
Ryan Aeronautical Co. as Washington 
Representative. 


Necrology 


Roy H. Murray 


Roy H. Murray (A), who was Associate 
Professor and Acting Chief of the Depart- 
ment of Aeronautical Engineering at the 
University of Cincinnati, died on June 16. 
Professor Murray was 36 years of age; 
hereceived a B.S. in Aeronautical Engineer- 
ing from the University of Cincinnati in 
1949 and did some of his postgraduate 
work at Ohio State University. 

He was a member of the US. Naval 
Reserve and had been a naval pilot for 7 
years. 
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Allan F. Donovan (AF), Vice-President 
and Director of Advanced Systems 
Planning, Space Technology Laboratories, 
Inc., has been named a delegate to a panel 
of technical experts which will advise the 
U.S. Committee on Nuclear Testing. 

Dr. Walter R. Dornberger (AF) has 
been elected a Vice-President of the Bell 
Aircraft Corp. Dr. Dornberger is Director 
of Engineering for Bell’s Niagara Frontier 
Division. 

Dr. Morris Feigen (AF) has been ap- 
pointed Manager of the Engineering De- 
sign Department of the Vehicle Develop- 
ment Laboratory, Space Technology Labo- 
ratories, Inc. Dr. Feigen has been a mem- 
ber of the Technical Staff since April, 1958. 

James L. G. Fitz Patrick (A), Head of 
the Department of Mechanical Technology, 
Staten Island Community College, has 
been appointed first academic Dean of the 
college. He will serve as Dean of the 
Faculty and will act under the college 
president in administering the academic 
program. 

Kenneth M. Foreman (A) has been 


named Principal Scientific Research 
Engineer, Plasma Propulsion Project, 


Republic Aviation Corp. He was formerly 
a Research Engineer, Engine Division, 
Fairchild Engine and Airplane Corp. 

Lloyd Harris (M), formerly Chief Pilot 
of Lockheed Aircraft’s Georgia Division, 
has joined the company’s Sales Branch as 
Sales Representative in Europe and will 
establish headquarters in Paris. 

Robert L. Hirsch (M) has been pro- 
moted from Assistant Manager to Man- 
ager of Aerojet-General Corp.’s Washing- 
ton, D.C., office. He will be responsible 
for obtaining and analyzing the require- 
ments of Washington customers at the 
policy level and coordinating this infor- 
mation with the management. 

Paul M. Johnstone, Jr. (A), formerly 
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Aerodynamics Design Engineer with 
Douglas Aircraft Co., has been named 
Operations Engineer for Hawaiian Air- 
lines in Honolulu. 

Prof. Boris V. Korvin-Kroukovsky (F ) 
has retired from his full-time duties as 
Senior Scientist at the Davidson Labo- 
ratory of Stevens Institute of Technology. 
Prof. Korvin-Kroukovksy, who was also 
Research Professor of Fluid Dynamics, 
will continue as a Technical Consultant. 

Lloyd G. Ludwig (M) has been ap- 
pointed Staff Assistant to the Director of 
the Vehicle Development Laboratory, 
Space Technology Laboratories, Inc. He 
was formerly Head of the Electromechani- 
cal System Section, Guided Missile 
Research Division, Ramo-Wooldridge 
Corp. 

John H. Meyer has re-entered the field 
of nuclear engineering with formation of 
the firm Atom Apply. Mr. Meyer will be 
General Manager; he was formerly Struc- 
tures Manager at McDonnell Aircraft 
Corp. 

Charles I. Morton (A), formerly Assist- 
ant Director of the Export Division of 
Curtiss-Wright Corp., has been appointed 
Manager of the Aviation Division of 
Smith, Kirkpatrick & Co., Inc., Exporters 
and Importers. 

William A. Nash (AF), Professor of 
Mechanical Engineering, University of 
Florida, has been appointed to the Engi- 
neering Sciences Advisory Panel of the 
National Science Foundation, Washing- 
ton, D.C. 

Gerard E. Nistal (A), an Industrial 
Marketing Consultant, was appointed to 
the Summer School Faculty of Hofstra 
College, Hempstead, L.I., as Adjunct 
Assistant Professor of Marketing, School 
of Business. 

Dr. William Prager (AF), Professor of 
Applied Mathematics and Chairman of 
the Physical Sciences Council at Brown 
University, has been honored by election 
to the Polish Academy of Sciences as a 
foreign member. He has also been named 


Emerson W. Conlon (F) has been named Assist- 
ant Director of Aeronautical and Space Research 
(Power Plants) for NASA. He has taken a leave 
of absence as Director of Research for Drexel 
Institute of Technology to accept the appointment. 
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You draw sharper, 
clearer with 
Eagle Turquoise 


mace usa ENS EAGLE TURQUOISE 3379 


TURQUOISE LEAD HOLDERS hold any TURQUOISE lead (5B to 9H) in a bulldog grip. 


EAGLE “CHEM! « SEALED” TURQUOISE orRawinc 


TURQUOISE DRAWING PENCILS are made in 17 degrees, 6B to 9H 


EAGLE “CHEMi SEALED” TURQUOISE orawinc 


TURQUOISE WITH ERASER, in grades 4B to 6H, is increasingly popular as a field tool. 


We've run tests on every drafting material made—includ- graphite glides more smoothly (without skipping) over 
ing some that aren’t even on the market yet! On all of every material. And these superior qualities are combined 
them, TURQUOISE consistently out-performs other pencils. with perfectly uniform grading—pencil after pencil! 

Here’s why: the strong TURQUOISE needle-point stays So why switch pencils when you 
sharp longer. You get the world’s cleanest lines—for the switch drafting surfaces? Standard- 
world’s sharpest reproduction. TURQUOISE’S “electronic” ize on Eagle TURQUOISE! 


WANT A FREE SAMPLE? Write for a TURQUOISE lead, pencil, or pencil-with-eraser in the 
degree you'd like to test on your favorite drafting materia!. Eagle Pencil Company, Danbury, Conn. 
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When founded in 1944, Marquardt was an organization 
devoted exclusively to research and development of the 
ramjet propulsion principle. Today, in its fifteenth year, 


tion and exploration of new concepts for the sp 
Marquardt is now. diversified, operating ini 
areas—all primarily,relat the for earlier 


the Corporation employs more than 5,000 in the crea: 


NEW CONCEPTS IN AIR-SPACE RESEARCH spring from 
ASTRO—Marquardt’s Air-Space Travel Research Or- 
ganization—where studies of an ionic rocket capable of 
powering future space vehicles are in progress. Other 
imaginative ASTRO studies span a broad spectrum in- 
cluding high-energy fuels, exotic materials, nuclear power- 
plants, advanced optics, cryogenics, space medicine, 
communications and guidance. 

NEW CONCEPTS IN POWER SYSTEMS are in the making at 
Marquardt’s Power Systems Group. Within the Group, 
Propulsion Division is engaged in continuing studies of 
a Hyperjet (rocket-ramjet) configuration capable of lift- 
ing future satellites from launch pad to upper atmosphere. 
Controls and Accessories Division is currently developing 
attitude controls for reconnaissance satellites, while Test 
Division is capable of ground-testing space-age hardware. 


"NEW CONCEPTS iN MANUFACTURIE 


first-of-its-kind Hufford Spin- 
Ogden Division. This 250-ton machife 
advances in space-age metal ‘workin 

while augmenting the Division’s prod 

ramjet engines for the Boeing Bémarc IM- 0 


NEW CONCEPTS IN SPACE-AGE TRAINING aré ate impel 
product of Marquardt’s Pomona Division —cfeatorg 
unique system which realistically simulates a 4, “mnie 
mission on an 8-foot map. The system wi) grown {-trene 
air and spacemen without risk and at great savings in. costly 
NEW CONCEPTS IN RESEARCH ROCKETRY and instruméste 
tion come from Cooper Development Corporationee 
Marquardt subsidiary. Cooper has contributed to” pig 
grams including Explorer and Sunflare projects, angy 
Falling Sphere—is now at work on Project Mercury. . 
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one of four foreign editors for one of the 
Academy’s journals. 

Dr. F. W. Reichelderfer (F, HM), Chief 
of the U.S. Weather Bureau, was presented 
with a certificate of Honorary Member- 
ship in the Society of Airway Pioneers for 
his outstanding achievements in furnishing 
weather services for all flying activities. 

Carl L. Sadler (M), formerly Vice- 
President and General Manager of Sund- 
strand Aviation, will head the three 
Sundstrand divisions comprising the Avia- 
tion and Defense Products Group—Sun- 
strand Aviation, Sunstrand Denver, and 
Sundstrand Turbo. 

George Schairer (F), who is Director of 
Research at Boeing Airplane Co., has been 
elected a company Vice-President. 

Clarence A. Shoop (M) who is Vice- 
President and Director of Product Relia- 
bility and Flight Test, Hughes Aircraft 


tas News 


Co., has been named, in addition to his 
present post, Manager of the company’s 
International Division, responsible for 
activities outside the United States. 

Ernest G. Stout (F) has been made 
Manager of Washington Operations for the 
Ralph M. Parsons Co. He was formerly 
Assistant Manager. 

T. Paul Torda (AF) has become asso- 
ciated with the Armour Research Founda- 
tion of the Illinois Institute of Technology, 
Chicago, as Director of Research for 
Propulsion and Fluid Mechanics. He 
was formerly Professor of Mechanical 
Engineering, Polytechnic Institute of 
Brooklyn. 

T. F. Walkowicz (AF), associate of 
Laurance S. Rockefeller, has been elected 
to the Board of Directors of Allied Re- 
search Associates, Inc., a subsidiary of 
Vertol Aircraft Corp. 


Corporate Member News 


e AC Spark Plug, General Motors Corp., 
has appointed Kenneth H. Bender as 
Divisional Comptroller. 

e@ Aerojet-General Corp. has announced 
plans for using the facilities at Downey 
and Riverside, Calif., formerly comprising 
the Rheem Manufacturing Co.’s Defense 
and Technical Products Division which 
was acquired by purchase _ recently. 
The new facilities will enable the carrying 
on of major Army programs. A Space 
Technology Division has been estab- 
lished to strengthen the company’s 
position for assuming a larger role in the 
nation’s programs. The new Division 
will perform research and development in 
electrical and other advanced propulsion 
systems. Y. C. Lee has been appointed 
Manager .... Liquid Rocket Plant, Sac- 
ramento, has appointed Capt. Robert C. 
Truax, USN (Ret.), as Director of 
Advanced Development. Cecil W. Wawra 
of Paris has been named Director of 
European Operations. 

e@ Aeroquip Corp. has appointed John M. 
Van Dam as General Manager of its 
General Logistics Division, Burbank, 
Calif. 

e@ American Bosch Arma Corp. has 
Announced acquisition of Ensign Car- 
buretor Co., Fullerton, Calif., as a wholly- 
owned subsidiary. Norton C. Sather 
has been named Manager of the new 
division. Paul W. Ensign and Roy F. 
Ensign, who took over the management of 
the company in 1935, will remain on a 
consulting basis. W. W. (Win) Harris 
has been appointed Manager of American 
Bosch Arma’s West Coast office. 

e Bendix Aviation Corp. has appointed 
Eldred E. Evans as General Manager and 
Robert J. Quirk as Assistant General 
Manager of the Kansas City Division... . 
Pacific Division has named Richard B. 
Laver as Comptroller. 

@ Chicago Aerial Industries, Inc., has 
announced the appointments of Jerome 
S. Goldhammer as Manager, Recon- 
naissaance Systems and Planning, and 
Charles Hybarger as Marketing Manager. 
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® Douglas Aircraft Co., Inc., has changed 
the name of the Human Factors Group 
to the Life Sciences Group. Dr. E. B. 
Konecci continues to head the group. 
The Life Sciences Group is responsible 
for all human factors and_bio-astro- 
nautical activity in the Missiles and Space 
Systems Engineering Departmert. 

@ General Dynamics Corp. has taken a 
step to guarantee continued reliability of 
its military and commercial products 
by formation of a Reliability Panel. 
Membership consists of key scientists, 
quality control engineers and reliability 
experts from all its Divisions. J. Y. 
McClure, Manager of Quality Control at 
Convair-Fort Worth, is Chairman of the 
group....Convair has named Elwood 
D. Bryant as Assistant to the Manager of 
Operations, and Ross C. Wills as Manager 
of its Omaha office... . Stromberg-Carl- 
son has announced the following ap- 
pointments: Franklyn E. Dailey, Jr., 
as Manager of Planning—San Diego 
and Walter E. Sargent as Supervisor of 
Production Engineering—San Diego. 

General Electric Co... . Defense Elec- 
tronics Division has announced formation 
of an Advanced Systems Engineering 
Operation in the Missile and Space 
Vehicle Department, and appointment of 
Howard M. Wittner as Manager, plus 
naming of Sub-Operation Managers, as 
follows: Robert L. Francisco, Advanced 


Attention Members! 
All Members of the Institute 
are invited to submit material 
concerning their activities for 


publication in the news columns 


of Aero/Space Engineering. 
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Test, Search, and Recovery; C. Frank 
Hix, Jr., Advanced Missile Engineering; 
Richard A. Passman, Advanced Re- 
Entry Vehicle Engineering; Robert R. 
Reid, Advanced Satellite and Probe 
Engineering; Stanley C. Tracz, Global 
Surveillance Study Operation; L. W. 
Warzecha, Advanced Space Vehicle Engi- 
neering. 

General Precision Equipment Corp... . 
Kearfott Co., Inc., has announced a 
recent expansion of its plant facilities in 
Asheville, N.C. Totalling 82,500 sq. ft. 
and employing 700 skilled craftsmen, this 
new addition increases the company’s 
capacity to meet current and future 
demands for high precision electrome- 
chanical rotary components. 

@ Janitrol Aircraft Division, Surface Com- 
bustion Corp., has appointed James W. 
Ashby as General Manager. Joseph F. 
Hill has been named Manager of Engi- 
neering. 

Lockheed Aircraft Corp... . Georgia 
Division has named Lt. Col. Donald 
Williamson, USAF (Ret.), as Small 
Business Coordinator. 

e The Martin Co. has appointed Adolph 
Vicek, Jr., to the position of Director of 
Manufacturing at the Baltimore Division. 


e Meletron Corp. has announced two 
additions to its staff: Gerald E. Schmitt 
has joined as Customer Relations Manager 
and Frank Cockings as Field Engineer 
in the Sales Division. 


@ Radio Corporation of America, Defense 
Electronic Products, has announced that 
Dr. Raymond M. Wilmotte has joined 
the staff of Advanced Military Systems. 

e Solar Aircraft Co. has named William 
C. Benson as Project Engineer, Ground 
Support Equipment. 


e Thompson Ramo Wooldridge Inc. has 
purchased a controlling interest in Magna 
Products, Inc., of Santa Fe Springs, Calif., 
producers of specialty chemicals and 
electronic instruments for the chemical 
and petroleum industries. Plans for 
expansion of the West Coast Division of 
TRW’s Tapco Group with construction of 
a $2 million aircraft and missile com- 
ponents plant in Orange County have 
been announced... .Thompson-Ramo- 
Wooldridge Products Co. has named Wayne 
J. King as Field Engineering Manager 
and Emil Borgers as Associate Manager 
of the Programming Department. Ad- 
ditions to the staff are Kieran D. Brennan 
as a Manufacturing Liaison Engineer 
and Mrs. Margaret E. Brooks as a 
Computer Programmer. A Systems Engi- 
neering Office has been established in 
Atlantic City, N.J., and Harold A. 
Keit has been named to head the new 
office. 


e@ Vertol Aircraft Corp. has appointed 
Thomas P. Peppler Project Manager and 
Harvey H. Klein Project Engineer for 
their YHC-1B helicopter program. Other 
promotions are: Kenneth Gillmore to 
Chief of Preliminary Design; John 
Diamond to Preliminary Design Project 
Engineer; Joseph Reich to Project 
Engineer on the H-21 and Vertol 44 
programs; and William B. Peck to 
Chief Stress Engineer. 


(IAS News, continued on page 68) 
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TESTS EGT SYSTEM ACCURACY to +4°C 
(functionally, without running the engines). 


RUNS TEMPERATURE SPREAD CHECK on TWO ENGINES 
at SAME TIME. CUTS TEST TIME 50%. 


TESTS RPM ACCURACY to 10 RPM in 10,000 RPM (+0.1%). 
CHECKS HEAT, ANTI-ICE and FIRE DETECTION SYSTEMS. 


ASSURES...maximum range, 
lower operating costs, 
greater dependability 
of schedule operation, 
better assurance of on-time arrivals 
at planned destinations! 


The JETCAL® is in worldwide 
use...by the U.S. Air Force 
and U.S. Navy as well as by 
major aircraft and engine 
manufacturers...and air 
lines. Write, wire or phone 
(EDison 6-7243) for complete 
information. 


B&H INSTRUMENT Co., INC. 
3479 West Vickery Blvd., Fort Worth 7, Texas 


=a, ~ * 


LAL 
Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CALIF., DAYTON, OHIO, VALLEY STREAM, L.1!., N.Y,, 
WICHITA, KAN., TORONTO, ONT. (George Kelk Ltd.), 
MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd., Exclusive 
and fe er for Great Britain, British Commonwealth and Europe) 
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Pesco electronic 
cooling 
packages... 


integral, miniaturized 
design saves space 
and weight 
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Pesco pioneers a new concept in cooling packages for 
electronic equipment. Miniaturization produces remarkable 
savings in weight and envelope size. Integral design eliminates 
external tubing and fittings, avoids leakage problems, 
simplifies maintenance and assures quiet operation. 


There are performance advantages, too. The Package shown 
above provides 250 watt heat absorption in a 10’x 544"x 5%" 
unit weighing 6 pounds! Built-in protective features 

guard against overheating of the Package, overheating of 
electronic equipment and loss of coolant. This Pesco custom- 
design concept can be applied to any cooling problem. 


You can move from problem to prototype faster because 
Pesco alone produces all necessary components—axial flow 
fans, electric motors, coolant pumps, temperature sensing 
and relief valves and reservoirs. Single responsibility, true 
systems engineering and close design coordination assure 
matched component performance and maximum reliability. 


For your Electronic Cooling Package needs, utilize Pesco’s 
unique background and advanced designs. Contact your 
nearest Pesco sales office or: 


PESCO PRODUCTS DIVISION 
BORG-WARNER CORPORATION 
24700 North Miles Road ¢ Bedford, Ohio 


means progress in 
aircraft/missile systems and accessories 
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LETTERS (0 the Editor 


In Acknowledgment 


@ As coauthor with the late Louis N. 
Ridenour of ‘Electronic and Communica- 
tions Aspects of Space Flight,’’ which 
appeared in the April issue of AERO/SPACE 
ENGINEERING, I would like to make the 
following comments on, and additions to, 
the article: 

(1) In Table 1, page 55, it should have 
been indicated that the trajectory calcula- 
tions involved launching from Florida 
with 3 dimensional transfer paths using 
actual planetary ephemerides. 

(2) In line 9 of the right-hand column of 
page 57, replace ‘‘3!/2 bits per sec.” by 
bits per sec.”’ 

(3) Acknowledgment should be given to 
the many members of the Research and 
Project Technical Staffs of the Lockheed 
Missile Systems Division who furnished 
for the paper technical information and 
commentary drawn from broad acquaint- 


ance with the relevant literature in the © 


field; of special aid and direct usefulness in 

this latter connection should be men- 

tioned material originally compiled in the 

spring of 1958 by members of the Engi- 

neering Division of The RAND Corpora- 

tion, Santa Monica, Calif. (some of which 

has since been briefly summarized in the 

Staff Report of the Select Committee on 
Astronautics and Space Exploration). 

B. W. Augenstein 

Chief Scientist’s Staff 

Scientific Advisor to XA Project 

Lockheed Aircraft Corp. 

Missile Systems Div. 

Sunnyvale, Calif, 


More on Reliability 


@ In further comment regarding Relia- 
bility Engineering, I would like to expand 
some of the areas which were aptly identi- 
fied by Lewis A. Rodert in the May Letters 
Section of AERO/SPACE ENGINEERING. 

The steps which he has proposed as fos- 
tering continued development in the field 
of Reliability Engineering are certainly 
sound and invite further definitive treat- 
ment by other readers. However, I would 
like to emphasize that, in my opinion, the 
area requiring our greatest concentration 
of effort at this point is the implementation 
of the knowledge which we have fully de- 
veloped. 

Reliability philosophy and its resulting 
arithmetic reflected in Mr. Rodert’s letter 
and developed by such pioneers as Chuck 
Ryerson of RCA is well established. 
However, its true implementation in the 
mechanical field, at least, is woefully weak 
and sporadic. Implementation of a Relia- 


bility Program which follows the stringent 


rules of our arithmetic is a gigantic task for 
any given design/fabrication cycle and is a 
rare occurrence indeed. Such a program 
not only is demanding of the highest de- 
gree of technical integrity but also cuts 
across the fabulously complex lines of 
inter/intra contractor politics, prejudices, 
concepts of design, production procedures, 
and the economic squeeze play of competi- 
tive bidding. Thus, even at this late date, 
most “‘reliability’’ is still a sales function, 
and it is the unusual contract indeed which 
can truly state that it has a well-estab- 
lished program in effect. 

For my part, then, I am emphasizing the 
urgent need to concentrate on a forthright 
and energetic implementation of its cur- 
rent ‘‘state of the art,’’ as well as an ‘‘ad- 
vancement of the science.” 

The comments in this letter are personal 
expressions. 

John R. Burnett, MIAS 
Senior Research Engineer 
San Diego, Calif. 


For Aviation Hall of Fame 


g@ I wish to submit the following recom- 
mendation via Letters to the Editor for 
comments from IAS members. 

I believe it would be desirable to con- 
sider the possibilities of an ‘“‘Aviation Hall 
of Fame” dedicated to those who have 
sacrificed their lives in the experiments 
and development of all types of aircraft. 
Perhaps a fitting spot would be in the 
Aviation Building of the Smithsonian 
Institution, with a picture of the individ- 
ual, outlining the test flight or equipment 
under test, and contributing factors re- 
sulting in the risk of life in these develop- 
mental areas. 

I am sure that the aviation industry 
would be willing to set up the necessary 
funds for this purpose to support a desig- 
nated committee to accomplish this note- 
worthy recognition of pilots and others 
who have given their lives to advancement 
of the aeronautical sciences and to indus- 
trial progress. 

An Associate Fellow 


The Editors welcome letters 
from readers, although none can 
be acknowledged. All must be 
signed, but identities will be 
withheld on request. 
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Weightlessness Premise Wrong? 


@ In response to Mr. Charavay’s letter, 
which appeared in AERO/SPACE ENGI- 
NEERING for July, I would like to make the 
following comments about his remarks 
concerning weightlessness. His one short 
paragraph on the subject can be formed 
into the following logical syllogism: 


Major Premise: ‘‘All forms of in- 
ertia, acceleration, or centrifugal force 
depend on weight and motion.” 
MINOR PREMISE: Ina nearly perfect 
vacuum, which we find in outer space, 
there is weightlessness. 
ConcLusion: ‘Therefore, 
weight you have nothing.” 


without 


Upon examining this syllogism, im- 
mediate exception can be taken with the 
major premise. All forms of inertia, 
acceleration, or centrifugal force do not 
depend upon weight but mass. The pro- 
tessors of the engineering, mathematics, 
and physics departments of the University 
of Wichita have impressed upon the stu- 
dents attending their classes that there is 
a difference between mass and weight, 
although under some conditions they are 
synonymous. 


I suggest Mr. Charavay try inserting 
into the Newtonian equation, F = ma, 
pound (weight) units in place of slug 
(mass) units and obtaining a correct 
answer. He must remember that weight 
is commonly defined as the force of gravi- 
tational attraction exerted on a body, 
whereas mass is a measure of a body’s in- 
ertia, two different concepts. 


As for his question of why particles 
leave a strong gravitational field and 
travel to a weaker one, I might answer by 
saying for the same reason a particle or 
body which has been accelerated to 
“escape velocity” will leave a strong 
gravitational field—i.e., space rockets. 


Frank L. Wright 

IAS Student Chapter 
University of Wichita 
Wichita, Kan. 


Finds Letter ‘“‘Nonsense”’ 


w I would like to ask whether the Editor’s 
Note at the end of Associate Fellow 
Frederick Charavay’s letter in the July 
issue of AERO/SPACE ENGINEERING really 
invites unnecessary comments to such 
nonsense, or is it just a joke to disguise the 
embarrassment for publishing such non- 
sense. 

L. S. Dzung, MIAS 

Baden, Switzerland 
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Systems 


Electronic Engineers 
Mechanical 


NEWS OF ENGINEERING OPPORTUNITIES 


OPEN ON MOST “TALKED ABOUT” 


MISSILE OF THEM ALL 


...and other diverse and complex weapons projects* at General Electric's 


Ordnance Department in the Berkshires 


When the first operational Polaris missiles 
are installed in the “George Washington” 
—first atomic submarine specifically designed 
as floating platform for the Navy’s undersea- 
launched IRBM s—it will be a day of great 
moment for the engineers and scientists at 
General Electric’s Ordnance Department, 
who are now pouring their energies, imagi- 
nation and technical skills into the devel- 
opment, design and production of Polaris 


Fire Control and Inertial Guidance Systems. 

A day of celebration—but also one that 
ushers in new and other challenging prob- 
lems — for the push to develop the next gen- 
eration of long-range underwater ballistic 
missiles and kindred advanced weapons and 
weapon systems will be on. 

There are openings now for engineers 
(EEs or MEs) with two to seven years’ ex- 
perience in these areas: 


SYSTEMS DEVELOPMENT / SYSTEMS DESIGN OR EVALUATION 
FIRE CONTROL ENGINEERING / INERTIAL COMPONENT DESIGN / COMPUTER DEVELOPMENT 
ELECTRONIC CIRCUIT DEVELOPMENT f STRUCTURAL DESIGN AND VIBRATIONS 
FIELD SERVICE « EVALUATION / QUALITY ASSURANCE & RELIABILITY ENGINEERING 
ELECTRO-MECHANICAL DESIGN Pi ADVANCED PRODUCTION ENGINEERING 
ELECTRICAL DISTRIBUTION SYSTEMS ENGINEERING / PLANT FACILITIES ENGINEERING 
PRODUCT SERVICE INSTRUCTION f; PRODUCT PLANNING / SALES ENGINEERING 
CONTRACT ADMINISTRATION / TECHNICAL WRITING 


Field Test Engineering (Florida, California and 
several naval stations in continental U.S.) 
Also technician openings for graduates with missile experience 


Write in strict confidence to: Mr. R. O’Brien, Dept. 2-MI 
Ordnance Department of the Defense Electronics Division 


GENERAL @@ ELECTRIC 


100 Plastics Avenue, Pittsfield, Mass. 


Additional Projects Under Investigation at the Ordnance Department. Lirgent, vital and engrossing as the 
Departmentt’s share in the Fleet Ballistic Missile Program is, it is just one of the diverse activities 
here that today offer engineers a progression of challenging assignments on: Atlas Guidance Equip- 
ment * Talos Handling and Launching Equipment « Advanced Torpedo Development « Tartar Fire Control 
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British Convertiplane 
Hailed as Design Success 


@ Export orders for the British Fairey 
Rotodyne indicate that this rotary 
wing convertiplane has been accepted as 
a successful design. 

The twin-engine prototype aircraft 
made its first flight in November, 1957, 
some 8 years after the design was 
originated to satisfy a British European 
Airways requirement for a short-haul 
rotary wing airliner to carry at least 
30-35 passengers. After a showing at 
the Farnborough Show in September, 
1958, Okanagan Helicopters, Ltd. (of 
British Columbia, Canada), ordered a 


Rotodyne. (Okanagan is the world’s- 


largest commercial operator of heli- 
copters, having a fleet of more than 50 
helicopters.) Early in 1959, New York 
Airways announced an order for five 
Rotodynes with an option for 15 more. 
However, the NYA order was for a 
larger version, designed but not yet 
built when the order was placed. 

Tyne engines replace the Eland 
engines in the larger version. Various 
size and performance figures for the 
Eland-powered and Tyne-powered 
versions are given for comparison in 
Table 1. 

The Fairey Rotodyne has a single 
four-bladed rotor mounted over the 
center of a conventional fuselage. A 
high wing of 47-ft. span has under- 
slung engine nacelles located halfway in 
from the wing tips. The turboprop 
engines drive auxiliary compressors that 
provide air to jets at the tips of the 
rotor blades. Fuel piped through the 
blades is burned at the tips to furnish 
rotor power for vertical take-off. In 
order to provide sufficient air for 
continued burning in case of single- 
engine failure, dual-ducting channels 


the air from each engine to separate 
pairs of opposite blades. 

Transition to forward flight is ac- 
complished first by differential pitch of 
the rotor in a normal helicopter manner, 
then power is gradually phased by a 
hydraulic clutch from the auxiliary 
compressors to the propellers, until the 
rotor is autorotating without power. 
In forward flight, the wing loading 
equals about 60 per cent of the total 
weight of the aircraft. The rotor 
cannot be unloaded any more than that 
without sacrificing some of the lateral 
and pitch control, both of which are 
maintained in the rotor. During 
forward flight at the higher speeds, 
directional control is accomplished by 
aerodynamic rudders on the twin 
vertical tails, but is phased into dif- 
ferential propeller thrust for lower 
speeds. Asa result, the propeller power 
is never phased to zero for vertical 
take-offs and landings, although the 
compressor/rotor power is phased to 
zero for forward flight speeds. 


Auto Bodies, Dies, Made 
From Plastics by Soviets 


@Summing up U.S.S.R. interest in 
synthetic materials, which is considered 
by some Western experts the most 
revolutionary area in industrial develop- 
ment in the Soviet Union today, Dr. 
G. Kolesnikov, laboratory chief of the 


Academy of Sciences’ Institute of - 


Elemental Compounds, points to some 
of the diverse uses Soviet industry has 
found for plastics. In the auto industry, 
Dr. Kolesnikov said, automobile bodies 
are now made of plastic. Also, plastic 
dies, some of which are simply cast into 
gypsum molds, have been introduced. 
These dies are made in one tenth of the 


Table 1. 

Eland Tyne 
Total take-off power (e.s.hp.) 7,000 10,000 
Take-off weight (Ib. ) 39,000 50,000 
Passengers, normal (no.) 40 57 
Freight (Ib. ) 10,000 15,000 
Fuselage length (ft.) 7 64. 
Rotor diameter (ft. ) 90 104 
Maximum speed (knots) 165 175 
Cruise speed (knots) 160 160 
Stage length (n.m.) 225 250 


| 
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time required for the construction of 
identical steel dies, according to the 
Soviet spokesman, and are four times 
lighter in weight. He points also to the 
great weight advantage found in using 
vinyl plastics, instead of lead, in making 
pickling and electrolytic baths. Further 
uses mentioned by Dr. Kolesnikov 
include synthetic resins for rubber and 
for asbestos brake shoes of excellent 
durability, such new plastics as ion- 
exchange resins (ionites) for boiling 
water purification, glass fiber pipes 
which will withstand pressures up to 300 
atmospheres; and polyethylene water 
pipes which do not crack even though 
the water freezes and should serve for 
50 years without deterioration. 


Av-CIR Report Discusses 
Man's Survival of 162g Fall 


@ A review of a scaffold worker’s free 
fall of 145-150 ft., involving an impact in 
loose rubble of about 162g for 0.014 sec. 
and an onset rate in excess of 22,000g 
per sec.—which he survived—has been 
issued by Aviation Crash Injury Re- 
search of Cornell University (now of the 
Flight Safety Foundation) under Office 
of Naval Research Contract No. Nonr 
401(21). “Human Impact Survival at 
162g” is the condensed version of a 
paper originally written by Hugh De 
Haven and Ruth M. Petry, of the Av- 
CIR staff, and is presented for engineer- 
ing consideration because of increased 
interest in human tolerance to impact 
loads, particularly in relation to crash 
landings of manned space vehicles. 

The author, A. Howard Hasbrook, 
Director of Av-CIR, asserts in his 
discussion: ‘“The fact that a number of 
people have survived free falls involving 
decelerations in the 100-200g range and 
rates of onset as high as 22,000g per 
second, while others have been killed in 
aircraft accidents involving less than 
15g, indicates that the strength of the 
human body has not been given due 
consideration in relation to crash safety 
design of aircraft. Too, such free fall 
data may be useful to engineers design- 
ing future space vehicles.” 

Copies of the report may be obtained 
in limited quantity from Aviation Crash 
Injury Research of the Flight Safety 
Foundation, 2713 E. Airline Way, Sky 
Harbor Airport, Phoenix, Ariz. 
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e AiResearch is now in quantity 
production of an extremely reliable 
engine bleed air fuel heater which pre- 
. vents icing in the B-52 engine fuel 
system during flight. This unit utilizes 
a minimum of hot compressor bleed 
air automatically modulated to keep 
fuel temperature above 32°F. Heating 
the fuel in flight overcomes the icing 
problems resulting from the presence 
of a limited quantity of water in the 
airplane fuel system regardless of the 


source of such water contamination. 

Efficient design and development 
capability made it possible for AiRe- 
search to build an efficient lightweight 
bleed air fuel heater system on an ex- 
pedited schedule of seven month’s time 
from initial order to production deliv- 
ery. AiResearch has been the world’s 
largest and most experienced manu- 
facturer of aircraft heat transfer sys- 
tems for 20 years. Outstanding design 
and production facilities, supported 


Fuel Side (MIL-F-5624A, JP-4) 


Fueltemp.in . —45°F 
Fuel temp. out. +33°F 
Fuel flow 10,500 lbsfhr 


Air temp. in . 

Air flow. . . 
Control — Integral automatic 
modulating thermostatic power 
element type. 


SPECIFICATIONS 


Air Side 


480°F 
90 lbs/min 


by extensive laboratory and test 
equipment, enable AiResearch to 
quantity-produce fuel heaters of any 
configuration in minimum time while 
maintaining rigid quality controls. 

In addition to the B-52 fuel heater, 
AiResearch is also producing several 
other types of plate and fin air-to-fuel 
as well as shell and tube oil-to-fuel 
heaters for both military and com- 
mercial aircraft applications. Your 
inquiries are invited. 


THE i533 CORPORATION 
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GUEST EDITORIAL 


Engineering and Science in Space 


H. Guyford Stever, FIAS 


Massachusetts Institute of Technology 


A great rocket mounted ready to fire into space is a 
thrilling sight, and a successful launching gives every- 
one even remotely connected with its creation and 
existence a deep sense of satisfaction and pride. Such 
a rocket is a useful machine brought into being by a 
pressing need of society and, being a useful machine, 
represents a typical end product of engineering activity. 
It is a new kind of machine; its many elements are on 
the forefront of component developments, and the 
synthesis of those components into a rocket system is 
one of the most challenging engineering design 
problems. 

How much activity by scientists is involved in the 
conception, design, building, and firing of such a rocket? 
In one sense a great deal, for among definitions of a 
scientist is ‘‘one learned in the natural sciences.”’ Surely 
the difficult problems of development in propulsion, 
guidance, structures, and systems design require knowl- 
edge of physics, thermodynamics, mechanics, chem- 
istry, electromagnetics, and a host of other sciences. 
But in this sense the scientific knowledge is just one of 
the component bodies of knowledge and skill called 
upon by engineers; it is combined with art and purpose- 
fulness, in an economic manner, to create a useful 
machine in the time-honored way of engineers. 

Scientists of the purer variety have a somewhat nar- 
rower definition of their profession. They include in 
their ranks only those working to discover new laws or 
facts, to add to or clarify the already overwhelming 
body of knowledge in the physical sciences. In this 
narrower sense, the achievement of space flight in itself 
is not a scientific achievement. Still, much of our 
space activity has to do with science in this narrower 
sense, not in the accomplishment of space flight (for 
this success belongs to the engineers), but rather in the 
employment of our space flight capability in the conduct 
of scientific experiments. The scientific research in 
astronomy, astrophysics, biology, and chemistry, 
among other sciences, which can be accomplished using 
our newly developed rockets to carry instruments into 
the previously unreached regions of the solar system, 
has been listed often and need not be gone into here. 
Suffice it to say, now that the total reaction to engi- 
neering progress in space flight (partly a reaction of 


Dr. H. Guyford Stever, Professor of Aero- 
nautics and Astronautics at the Massachusetts 
Institute of Technology, has made numerous 
contributions to the field of aeronautics. In 
addition to his active role in teaching and 
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culminating in his service from 1955 to 1956 as 
Chief Scientist of the Air Force. He has beena 
member of the USAF Scientific Advisory Board 
since 1956 and is now Vice-Chairman. He 
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Committee on Missile and Spacecraft Aerodynamics. Dr. Stever was 
graduated from Colgate University in 1938, and in 1941 he received his 
doctorate in physics at the California Institute of Technology, where he did 
research on cosmic rays and electronics for Geiger counter experiments. 
In 1958 he was awarded an Honorary Doctor of Science degree by Col- 
gate University. 


fear of military weakness and loss of scientific leadership 
and partly recognition of the eventual great impor- 
tance of space flight) has convinced the leaders and 
people of this country to support a major space effort, 
many research scientists are developing a great interest. 

The space engineers themselves are quite interested 
in some of the scientific experiments, for their develop- 
ments are fast on the heels of the progress made in 
science—e.g., the measurements made in space of 
radiation from the sun are wanted by the astrophysi- 
cists to find out what physical processes are taking 
place. These same measurements are of equal interest 
to the space flight engineers to enable them to protect 
instrumentation and humans aboard spacecraft from 
harmful effects of the radiation, or to permit them to 
design devices to use the radiation as a source of local 
energy on the spaceship. 

Often in modern life, with the ascendancy of science, 
one gains the impression that engineering is the com- 
plete debtor of science, that there is a one-way flow of 
information and capability, that the engineer can only 
wait for the scientist to discover new laws and facts so 
that he, the engineer, eventually can apply them. In 
some cases of modern technologies (space flight and 
ballistic missiles), where scientific research and engi- 
neering design are so closely mingled, the impression is 
given that to the scientist belongs the full credit for all 
achievements. Nothing could be farther from the 
truth. Of course there is a debt owed by engineers; 

(Continued on page 42) 
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A; THE second year of the Space Age 
draws to a close, the imaginations of mankind, 
as well as the vehicles men have produced, are firmly 
planted in the heavens. Eleven moons have success- 
fully been launched; four of these satellites are still 
tracing out their elliptical orbits every two hours. 
Two vehicles have escaped the gravitational field of the 
Earth and assumed paths about the sun—the first 
man-made planets. The unprecedented power of 
rocket boosters, coupled with a precision of control 
rarely required under laboratory conditions, has en- 
abled the Soviet Union and the United States to reach 
out into space with vehicles of different configurations 
for various purposes. 

The successes so far attained have answered many 
questions and satisfied many ambitions. But they 
also have raised many more problems and encouraged 
magnificently imaginative plans, previously considered 
only impossible dreams. Vehicles have been given 
specific assignments to report on conditions in whatever 
orbit they were placed. The data returned have been 
significant, though very limited. The space paths 
swept out were usually sufficiently close to those in- 
tended—at least when orbit was attained—so that 
instrumentation was appropriate. But all have been 
characterized by a very brief period of active flight path 
control compared to the total duration of significant 
* flight time. Space vehicles to date have been more 
like artillery shells, subjected to guidance only when 
inside the gun, rather than like aircraft or active target- 
seeking missiles, controlled for their entire life. Al- 
though rockets are uniquely independent of atmos- 
pheric oxidizers, rapid release of enormous energy and 
light weight have been equally useful properties. The 
ability to maneuver in space and to rendezvous with 
another space object is essential to the conquest of 
space. Modification of the radius and plane of the 
orbit, as well as attitude changes of the vehicle itself, 
are required. The critical interceptions between the 
vehicle and the Earth, as well as possible landings on 
Mars and Venus, suggest exploitation of the atmos- 
phere where available. A rocket vehicle possessing 
both space and aerodynamic maneuverability becomes 
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Centuries of groping toward the conquest cf space have resulted in breaking the barrier 
of orbital flight. Maneuverability in space at the will of a crew is the nert challenge. 
The nature of the vehicle proposed is a glider with a large rockel engine. 


Space Applications for Rocket Vehicles 


Everett T. Welmers, AFIAS 


Bell Aircraft Corporation 


a practical device for repetitive and purposeful mis- 
sions. This seems an appropriate and rapidly attain- 
able goal—man in space, under man’s control, doing 
what man desires. 


Historical Background 


Ancient 


As might have been expected, the earliest conceptions 
of space vehicles involved attempts to apply physical 
principles appropriate only to the Earth and its atmos- 
phere. Icarus reportedly flew so close to the sun that 
his wing structure melted—but the ineffectiveness of 
such propulsive surfaces at high altitudes was not sus- 
pected. Balloons which could rise to reach the moon 
were proposed, without anticipating the rapid reduction 
of atmospheric density. Lukian, about 160 A.D., 
described trips to the moon, in one case propelled by a 
whirlwind and, in another, flying with bird’s wings. 
Eagles tied to a platform formed the space vehicle of 
Regiomontanus—an ineffective attempt to harness 
masters of the sky to a simple airframe. Cyrano de 
Bergerac, in 1649, published 4 Trip to the Moon, in 
which a variety of vehicles and methods of propulsion 
are described, only one of which has any physical 
soundness. In the play by Rostand, Cyrano describes 
six unique ways of ‘‘violating the virgin skies’’ (then 
claims he used a seventh). The most ‘‘scientific’’ is 
the third: 

“After jumping off like a grasshopper on steel 
springs, I could, by successive explosions of gunpowder, 
hurl myself into the blue meadows where the stars are 
feeding.” 

Jules Verne, in From the Earth to the Moon,' described 
not only a vehicle, propulsion system, and passenger 
compartments, but also the velocity required and the 
orbit which must be attained. 


Modern 


Even though such imaginative exercises did not 
contribute directly to scientific progress, they have been 
continually significant as sources of ideas and challenges 
Concepts based on firm physical princi- 
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ples, coupled with an appreciation of the problems of 
realization, became significant at the beginning of the 
20th Century. As early as 1895, Konstantin E. 
Tsiolkovskii (1857-1935) discussed artificial satellites, 
and in 1903 published Investigation of World Spaces by 
Reactive Instruments.» * Although the work of God- 
dard* and that of German rocket enthusiasts two 
decades later was primarily oriented toward solving 
engineering problems, proving that rocket engines 
would actually operate, the unique application to space 
propulsion was always a goal. 

Attempts to find a “breakthrough” for the problem 
of long-range bombing led Saenger and Bredt to 
studies of rocket-boosted gliders.*® Much of the 
interest in their work is due to the re-entry problem; 
a skip-glide path was suggested for the reduction of 
kinetic energy without continuous aerodynamic heating. 
As an extension of the V-2 developments, a group at 
Peenemiinde designed and tested a rocket-glider, the 
A-9, again for the purpose of extending bombing 
ranges.” 

Russian interest in vehicles of this type is based 
partially on the same long-range bomber concern. 
However, a paper by Shternfeld in 1954 on Problems of 
Cosmic Flight® discussed rocket-propelled space ve- 
hicles and proposed that gliding flight be used for 
landing on the Earth, Mars, or Venus. 

In the United States, a continuation of the Peene- 
miinde work has led to proposals for commercial and 
military applications of rocket-boosted gliders by Dr. 
Walter Dornberger. A careful analysis of the effi- 
ciency of such vehicles for very long-range terrestrial 
applications has been made by R. Cornog,* with the 
conclusion that the rocket-propelled airplane can be an 
economical form of transportation. 


Vehicle Requirements 


Many applications of satellites and space probes do 
not require a human crew. However, although man 
could throw a stone, shoot an arrow, or fire a shell, 
he was not satisfied until he had a device in which he, 
himself, could move through the atmosphere. This 
situation will or even now does exist regarding space. 


Whether spacecraft are used in scientific or military 
roles, a manned vehicle is essential for servicing or 
inspecting unmanned space stations, for a space station 
itself, as a shuttle between Earth and manned satellites, 
or for exploring far regions of space. 


Repetitive Landing and Take-Off 


Such an operational concept of a rocket vehicle in 
space implies repetitive usage. The inaccessibility or 
unfriendly environment of much of the Earth’s surface 
emphasizes the desirability of landing at a predesignated 
base. If appropriate techniques for ejection from 
orbit are available, purely ballistic flight can give 
general area accuracy.’ Precise touchdown can be 
most easily accomplished by utilizing aerodynamic 
control under dictates of an automatic landing system. 
Aerodynamic maneuvering forces would be trivial 
(0.01g) at 300,000 ft.; effectivity at 80,000 ft. would be 
significant, 1/3g; below 65,000 ft. more than 2.5g 
would be available, leading to structural and other 
limitations on control, rather than aerodynamic. 

A glider-type vehicle is also desirable in making 
contact with other planets possessing atmosphere. 
Re-entry into the atmosphere of Venus where surface 
density is approximately 13 times that of the Earth 
would be similar to that of the Earth. Mars, with 
1/13th the atmospheric density at the surface, will 
present lower decelerations and lower heating rates. 
Gazley”™ has discussed the general problem of planetary 
atmospheric re-entry. 

An “escape” rocket, powerful enough to eject the 
vehicle from a malfunctioning booster system at or 
near take-off, is desirable, both for pilot safety and for 
repetitive use of the airframe. The same rocket could 
be used for the major maneuvering requirements in 
space. 


Variation of Orbital Plane 


Assuming that a vehicle has been placed into orbit, 
aspects of maneuverability can be considered sepa- 
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Fig. 1. Change of orbit plane. 
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Fig. 2. Velocity increment and time required for change in orbital plane, 


rately, even though combinations of these will usually 
be applied simultaneously. For variations of the 
orbital plane, the velocity vector must alter direction 
without change of length. Then, as in Fig. 1, 


AV = Vy — Vo 


|AV| = 2|Vo| sin 0/2, |Vx| = | Vo] 


Obviously, a 60° shift requires a velocity increment 
equal to the original velocity, and a 180° change re- 
quires double. If orbital velocity is 25,000 ft./sec., 
the |AV | required for orbital plane change of @ is shown 
in Fig.2. If thrust along AV is equal to vehicle weight, 
the time required to attain the new velocity is shown as 
the right ordinate. Precision launching is clearly 
necessary since variations of more than 5° will require 
placing very large propellant loads into orbit. 


Variation of Orbital Radii 


Variation in the size or shape of the orbit involves 
changes in total energy, kinetic plus potential, and in 
the period of revolution. If E is the total energy per 
unit mass with respect to a state of rest on the Earth’s 
surface, this dependence on orbit geometry can be 
expressed as: 


E = (A/1) — [\/(ra + 7p) 


here 7, and r, are lengths of the radius vectors at 
apogee and perigee, 7, is the radius of the Earth, and 


A = goro” = 14.059 XK 10" ft.*/sec.? 
A circular orbit at the Earth’s surface results in 
E = (A/ro) — (A/2r%) = A/27r0 = 336 X 108 ft.2/sec.? 


The energy required for escape from the gravitational 
field of the Earth is 


E = d/ro = 672 X 10° ft.?/sec.? 


since 7, + 7, is then infinite. 
For convenience, the altitudes, 1, and /,, above the 
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Earth’s surface may be used: 
= he + hy + 2% 


Fig. 3 shows total energy E and period P plotted 
relative to the sum of these altitudes, h, + hy. (Note 
that E scale increases downwards.) 

Differentiating E with respect to an orbital radius, 


dE/dr = + 1p)? 


Evaluating at the Earth’s surface (where E = 336), 
eight energy units per unit of mass are required for 
each foot change in orbital radius, increasing as radii 
increase. At the required altitude for a 24 hour 
satellite, 22,400 miles, E = 621 X 10°, 85 per cent 
more than for a surface orbit, but dE/dr = 0.18. So 
small an energy change per ft. change in orbit radius is 
likely to be balanced by much larger errors in orbit 
dimensions at such great distances. 


Variation of Attitude 


Attitude control is intended to accomplish two tasks. 
The first defines the application of other forces by ro- 
tating the vehicle in the appropriate direction. A 
fixed rocket thrust can then be used for changing orbit 
plane and adding or subtracting energy to modify 
orbit geometry. Also, the aerodynamic forces in- 
volved in re-entry can be properly applied before aero- 
dynamic surfaces can be used. The second task is 
orientation of the vehicle in order to accomplish spe- 
cific missions, such as presenting the proper surface toa 
satellite being overtaken, directing instruments toward 
desired phenomena, or accepting interchange of men 
and material in space. 

Considerable experience with such systems exists, 
including the X 1-B research airplane and VTOL 
craft. A typical system could consist of small rockets 
using hydrogen peroxide as a mono-propellant, de- 
composed upon contact with a silver catalyst bed. 
For 90 per cent, H,O:, a specific impulse of 160 sec. at in- 
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Fig. 3. Relation of orbit size to period and energy per unit mass. 
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finite altitude is attainable with 200 psia chamber 
pressure; this rises to 180 sec. with 99 per cent con- 
centration. Fig. 4 indicates the relation between total 
impulse and system weight, including the H.O, tank, 
a helium pressurization tank, and nozzles with an area 
ratio of 12. Higher thrust levels or more nozzles add 
about 3 lbs. per 100 lbs. of thrust. On-off, propor- 
tional, or more sophisticated variants of control have 
been designed. Total impulse requirements for a 
space vehicle depend on maneuvering requirements 
and duration aloft, but values in the upper-right 
quadrant of Fig. 4 will likely be applicable. 


Problems of Significance 


A vehicle satisfying the requirements described can 
be designed to give a configuration as depicted by the 
front cover of this issue of AERO/SPACE ENGINEERING. 
However, the road to realization of such a concept is 
obstructed by numerous problems of particular sig- 
nificance. A few will be described briefly. 


Launching 


Programs for large boosters are already in progress, 
giving hardware appropriate to the vehicle under dis- 
cussion. If the space vehicle is originally designed 
with large tanks for extensive maneuvering, first 
flights can be made with small amounts of propellants, 
increasing as booster thrusts rise. Thus, missions can 
expand without change of the basic spacecraft. Reli- 
ability of boosters when men are in upper stages will 
continue to be a most critical problem. If repetitive 
flights are to be made, costs become serious; for first 
stages, more emphasis must be placed on low cost pro- 
pellants, and perhaps recoverable cases, than on high 
specific impulses. 


Environment 


Most environmental problems for both crew and 
equipment will already have been studied by satellites, 
probes, and projects such as Mercury. Complete 
flexibility regarding the radiation bands is not as yet 
possible; shielding may be required or techniques 
may be found to avoid the most critical regions through 
choice of launch point and orbit. Problems of food and 
oxygen for the crew are not as serious as in a permanent 
manned station, but these may form significant car- 
goes on supply missions. The crew must be able to 
carry out a mission in comfort, or the advantage of the 
human element will vanish. 


Propulsion 


A rocket engine for maneuvering in space poses a 
challenge. It must be restartable, have a very high 
specific impulse and low weight, must be accurately 
controlled, and variable thrust would be desirable—in 
fact, it should be the ideal rocket engine. Exotic 
propellants, such as fluorine or new chemicals created 
for this specific purpose, are desirable. Refinements 
here justify high costs. 
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Fig. 4. Reaction controls—weights of H2O» system for total impulse 
requirements. 


Navigation 


Experience with the construction and launching of 
unmanned satellites can be expected to improve the 
accuracy of injection into orbit. Maneuverability in 
space can, of course, simplify the problem of precisely 
attaining an original orbit, but only at the expense of 
energy available for other maneuvers. Attainment of 
precision paths will likely be an early application of 
maneuverable space vehicles. 

Determination of satellite orbits from the Earth can 
be accomplished with accuracy if enough observations 
can be made. Calculation of exact transfer ellipses 
between orbits has been carried out only for simple 
cases; but solution of the intercept problem will re- 
quire exactly this. If basic information on the orbit 
of the target is available from the Earth, closure must 
still be accomplished by the vehicle, at least in its 
finer aspects. Precise directing of rocket thrust by 
pointing the vehicle not only requires accurate and 
stable references, but also cannot depend on complete 
control from hundreds of miles away. Techniques 
have been discussed, systems are being constructed, 
but a major problem area still exists in space navigation 
for predesignated orbits or intercept. 


Data Processing 


In addition to data processing equipment for naviga- 
tion, added capacity should be available for other 
purposes, such as environmental control, recording of 
data, etc. The successes recently attained in packaging 
digital computers in extremely small sizes indicate 
that only adaptation and optimal exploitation of 
known techniques will be required. 


Re-Entry 


So much has been written regarding re-entry that it 
is unnecessary to discuss it in detail.*: 1° The problem 
remains that of opening up a corridor within which the 
vehicle can fly without exceeding temperature and de- 
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celeration limits. 


Whether cooled surfaces, double- 
wall construction, ablation, or heat resistant structure 
carries the load of widening the corridor, or properties 
of all are used, is a matter of design concept and tech- 


nical courage. At present, a double-wall structure, in 
which the outer skin is at high temperature, and there- 
fore radiates efficiently, and an inner skin is cooled, 
seems capable of permitting sufficient flexibility along 
the re-entry trajectory. 

Additional properties of the atmosphere on Mars and 
Venus will be desirable before entry there can be 
attempted. This can be attained through unmanned 
probes or by manned vehicles skirting those planets 
with enough energy to break away back to Earth. 
Although we do not understand all details of re-entry 
into our own atmosphere, enough information is at 
hand to try. 


Conclusions 


The appropriate and eventual space application for 
rocket vehicles is believed to be a manned space glider. 
Essential characteristics are: 

(1) Reaction controls for attitude and vehicle thrust 
orientation. 

(2) A rocket engine with thrust in excess of weight 
for safety during launch and boost, and for orbit size 
and plane changes. 

(3) An appropriate environment in which a crew can 
accomplish significant tasks and obtain significant 
information. 

(4) Use of aerodynamic forces during the critical and 
repetitive phase of re-entry and landing. 

(5) A goal of maneuverability in space for whatever 


purpose it may be used—in particular, the capability 
for interception of satellites. 

Such a vehicle not only fulfills many of the dreams of 
space enthusiasts, but actually is feasible in light of the 
technological stature we have attained. 
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Engineering and Science in Space (Continued from page 37) 


there is a flow of information from science, but, in turn, 
the engineer offers capability in full measure to the 
scientist to do new things in his field, and often the 
. impetus given by the engineer to the work of the sci- 
entist is the key pressure to keep the scientific work 
going. 

In the Institute of the Aeronautical Sciences this 
close relationship between engineer and scientist has 


always been recognized and fostered. In fact, we 
aerospace engineers are fortunate that, from the begin- 
ning in the balloon age, through the years of manned 
and unmanned flight, and now into the space era, the 
engineering in our field has had this close relationship 
with science, giving to science new capability in return 
for new knowledge and at the same time offering our 
society the worth-while products of our profession. 


Suggestion for Binding Issues of 
Aero/Space Engineering 


Arrangements have been made so that our readers may have their issues bound 
carefully and economically in our authorized binding. Simply write for details to: 


Publisher's Authorized Bindery Service, 5809 West Division St., Chicago 51, Ill. 
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The concept of establishing a slandard lineal deviation sensitivily, 
al a specified point on the approach, for aircraft localizer guidance 


systems at all instrumented airports is given. 


A statistical treatment of the system errors is presented, 


and, finally, an equation is derived which permits evaluation 


of the lateral guidance system performance. 


Performance Criteria for 


The operational 
advantages accruing from this standardization are outlined. 


Aircraft Localizer Guidance Systems 


During the Low Approach 


Cecil C. Pine, MIAS 


Sperry Phoenix Company 


Tas LOCALIZER guidance system is a 
valuable aid in landing modern transport and military 
aircraft under conditions of low visibility. This sys- 
tem consists of a radio beam aligned with the extended 
centerline of the runway which permits the determi- 
nation of the aircrafts’ position relative to the beam cen- 
ter during the approach. 

The signals from the localizer beam can provide a dis- 
placement voltage to an automatic pilot for controlled 
guidance of the aircraft to the runway, thus relieving 
the human pilot of the arduous task of physically 
maneuvering the plane during this critical period. 

Operationally, the use of the localizer beam for lateral 
guidance is a compromise between technical limitation 
and guidance requirements. Ideally, both the human 
pilot and the automatic pilot would like to know posi- 
tion with respect to the center of the beam in terms of a 
distance deviation; whereas the beam, because of its 
diverging characteristic, provides angular deviation 
information. Optimum effectiveness of the system 
can be achieved, however, by adjusting the system. 
parameters to provide a standard distance or lineal 
deviation sensitivity at a specific point along the ap- 
proach path for all localizer sites. 

Careful appraisal of all components of the localizer 
guidance system, including site configuration param- 
eters, must be made in order to achieve a specified 
standard at all sites. The adjustment tolerances of 
the system components must be examined to deter- 
mine the most economical means of providing the 
standard, and the system errors must be evaluated to 
ensure a given probability of operational uniformity. 


Establishing a Standard 


The concept of establishing a standard lineal devi- 
ation sensitivity at a specified position along the final 


Mr. Pine is Engineering Facilities Supervisor 
for the Sperry Phoenix Company, Phoenix, 
Ariz. He was Engineering Section Head for 
Flight Test in the Flight Research Department 
of the Sperry Gyro Company, Great Neck, 
N.Y., from 1948 to 1956, when he was en- 
gaged in the testing of instrument landing 
systems and automatic approach couplers and 
other aircraft guidance instrumentation. Dur- 
ing this period he was an adviser to RTCA 
Special Committee 18 which was established 
to study the low approach problem. Prior to 
joining Sperry in 1945, Mr. Pine was asso- 
ciated with the Pan American World Airways 
in Seattle, Wash. He is a member of the 
IAS, ISA, and IRE societies. 


approach path for all localizer sites has been accepted 
generally. This standardization provides two opera- 
tional advantages for aircraft guidance during the auto- 
matic approach: 

(1) With a standard deviation sensitivity in micro- 
amperes per foot established at a fixed point near the 
runway threshold, it is possible to adjust all automatic 
pilots for optimum coupling performance at this point. 

(2) The establishment of a standard lineal devi- 
ation sensitivity permits the human pilot to use the 
localizer deviation indicator as a go-no-go gage for pur- 
poses of estimating his probability of landing on the 
runway. 

These two operational factors are extremely impor- 
tant when consideration is given to landing an aircraft 
in weather where it is necessary to descend to a low 
elevation before visual guidance is obtained. 

Consider an aircraft making an ILS instrument ap- 
proach with an automatic pilot. The job of the human 
pilot is to monitor the approach and either to land the 
aircraft when visual guidance is obtained or to initiate 
a missed approach maneuver. Lateral position is of 
extreme importance during the final approach since, 
without a definite clue as to this measurement, the 
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pilot might “break out” and find he is unable to ma- 
neuver the craft to a landing on the runway. 

If the pilot could use the localizer deviation indicator 
as a measuring device such that a definite limit on the 
meter would indicate a finite probability of being over 
the runway when he passed the threshold, he could 
assess the approach as to its success. That is to say, 
if the indication was below the specified limit, he would 
be ensured of a high probability of landing straight in on 
the runway. If the indication was beyond the limit, his 
probability of landing on the runway would be less 
than the accepted value and he would be justified in 
initiating a go-around. 


The Yardstick 


Let us visualize the localizer deviation indicator as a 

measuring device, a yardstick of sorts. The length of 

this yardstick is taken as the chosen limit value in 

microamperes on the indicator, divided by the beam 

sensitivity in microamperes per foot at the specified 

point along the approach. This limit is represented 

to the pilot by a red line on the localizer deviation 

indicator. 

Normally, this yardstick will measure the distance 

between the centerline of the runway and the centerline 

of the aircraft provided the point at which the meas- 

urement is started is actually at the physical runway 

centerline. However, there are factors which influence 

the determination of exact centerline of the runway as 

measured by the localizer deviation indicator: 

(1) Localizer beam misalignment. 

(2) Aircraft receiver centering misalignment. 

(3) Null width of the system which includes localizer 

bends and coupler dead zone. 

There are certain other factors that influence the 

length of the yardstick which must be considered if the 

measurement is to have a significant meaning: 

(1) The variation in the deviation sensitivity due to 

transmitter variations. 

(2) The variation in deviation sensitivity due to re- 

ceiver variations. 

(3) The accuracy with which the pilot can read the 

exact limit value on the localizer deviation indicator. 
To equate the foregoing values, let 


nominal length of yardstick, ft. (not subject to sta- 
tistical variation ) 

= error in length of yardstick 

variation in beam center alignment, ft. 

variation in receiver centering, ft. 

variation in null width, ft. 

= variation in length of yardstick due to variations in 
transmitter beam sensitivity 

variation in length of yardstick due to variations in 
localizer receiver sensitivity 

variation in length of yardstick due to inaccuracy of 
reading limit value on localizer indicator 


Assuming that the variables C, D, E, F, G, and H can 
be either plus or minus vahies; then the absolute error 
in the length of B can be expressed as 


(1) 
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If the values of C, D, E, F, G, and H are considered 
to be random in nature for any given approach, and 
they approximate a normal distribution, then the deter- 
mination of AB can be solved by statistical methods 
(see Appendix) and we can write 


AB = +[C? 4 D? + FE? + F? + G? + H?}!!2 (2) 


Now, if we let A represent the maximum distance 
measured by B (considering the probability of errors 
in B), we may write 


A=B+(C4+ D4 (3) 


where A will have the same probability factor as the 
terms in the brackets. 


Discussion 


Let us examine the significance of Eq. (3). The value 
of B is the nominal length of the yardstick as indicated 
by the red line on the localizer deviation indicator. 
The distance A we want to measure is the distance 
from the centerline of the runway to the outside wheel 
of the aircraft when it is on the edge of the runway. 
The statistical accumulation of tolerances tend to vary 
the length of the indicated distance B; therefore, it is 
necessary to choose the pessimistic case of plus toler- 
ances to ensure with a high probability factor that the 
aircraft wheels will be over the runway when the 
localizer indicator reading is at or less than the red line 
value. Obviously, the wheel span varies with different 
aircraft, and runway widths vary at different sites. In 
order to achieve standardization, these values must be 
specified. The most predominant runway width of 
those sites considered and the span of the largest oper- 
ating aircraft could be selected as the standard. This 
would mean that operation into airports with runways 
less than the selected width could not be guided by the 
standardization criteria, and higher weather minimum 
might be required at these sites. Aircraft with a nar- 
rower wheel span would have a probability advantage 
over those with the wider span. The overall tolerance 
of the system must be maintained within specified 
limits if standardization is to be achieved. Through 
the use of Eq. (3) and the expansions given in the Ap- 
pendix, an evaluation of the individual tolerances can 
be made to determine the trade-off among them which 
will result in the most economical means of assuring the 
required system performance. 

Since runway lengths vary from airport to airport, 
the localizer angular beam sensitivity must be adjusted 
accordingly to provide a standard lineal sensitivity at 
all sites. The use of equations given in the Appendix 
permits one to determine limits over which the localizer 
transmitter must be adjusted at various sites to main- 
tain the standard. These limits can be compared with 
the operating limits of the present equipment to evalu- 
ate its adequacy or to predict necessary modifications. 

There will be times when the indication on the meter 
will dictate the initiation of a missed approach proced- 
ure when, in actual fact, the pilot could have landed 
straight in. This is the price one must pay to be sure 
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of a high probability of success when using a system 
that is less than perfect. 


Conclusion 


Standardization of localizer guidance systems will 
provide an improved uniformity of automatic coupler 
performance at all airports equipped with instrument 
landing systems. It will also give the pilot a more 
accurate tool with which to determine his lateral dis- 
placement at the runway threshold. 

The foregoing statistical analysis permits those re- 
sponsible for implementing the localizer system stand- 
ardization to appraise the components of the system 
and to determine the extent to which standardization 
can be achieved with present equipment and site 
configurations. Through a study of the system errors, 
as presented in this analysis, a prediction of operational 
uniformity based on a given probability factor can be 
made. 

The techniques presented can be applied to the study 
and evaluation of any system in which the statistical 
accuuulation of errors is an important factor in deter- 
mining performance. 


Appendix 


Measurements of any system may be presented in 
the form }' + 6Y, where Y is the best estimate of the 
true measurement, and 6Y is the best estimate of the 
error in } based upon a given probability factor. 

When several independent errors in a system are 
combined, it may be shown that 


ij 


where Y = any differential function of the observed 
quantities Y;, and 6X, = the best estimate of the error 
in X,. 

The validity of the Eq. (A-1) is based upon the 
premise that the errors are small with respect to the 
measured value and that they approximate a normal 
distribution. 

When X; is an observed value of Y, then 0Y/OX; re- 
duces to 1 and Eq. (2) may be written 


bY, = [ 6x?) (A-2) 
i=j 


Substituting AB—see Eq. (1)—for 6Y, and the errors 
C through H for Xj, », 1, m, n, » We may write 


AB = +(C?+ E?+ HV? 
(A-3) 


Now if we let A represent the maximum distance 
measured by B (considering the probability of errors 
in B), we may write 


= B+ (C+ + + F + G + 
(A-4) 
where 4 will have the same probability factor as the 


terms in the brackets. 
By squaring both sides, Eq. (A-4) can be expanded to 


A? — 24B + B? = C?4+ D?+ E?4+ F?4+G?+ H? 


(A-5) 


We have chosen to solve the equation for lineal devi- 
ation sensitivity since this is the one parameter that 
can be adjusted most easily in the field. To do this, 
we must evaluate all of the terms in Eq. (A-5), particu- 
larly those containing deviation sensitivity which will 
be designated by p;: 

Let A = (R — W)/2 (maximum distance off center 
and still have wheels on the runway), where R = run- 
way width, and W = aircraft wheel span. 

Let B = N/p; (nominal length of yardstick), where 
N = go-no-go limit, microamp. (red line on localizer 
deviation indicator), and p, = lineal deviation sensi- 
tivity, microamp./ft. 

Let C = 66%S, where 60, = transmitter misalign- 
ment, rad., and S = distance of specified point along 
approach path from transmitter. 

Let D = SI,/ps, where 67, = receiver centering error, 
microamp. 

Let E = 6f, where 6f = maximum null width at 
threshold, ft. 

Let F = (50/6)-(N/p;), where 69 = transmitter beam 
width error, and @ = transmitter beam width. 

Let G = where = error in re- 
ceiver microamperes at arbitrary test point, and Jp = 
receiver microamperes at arbitrary test point. 

Let H = 6I,,/ps, where I, = error in microamperes 
in reading limit current NV on indicator. 

If these symbols are substituted in Eq. (A-5), we 
may then proceed to solve for p;: 


— — N? — N? — ‘|- 
9 Tr 


(R= WN (R- 


(50 imS)? = of? = 
Py 4 
(A-6) 
Let a = [ = 
sr. 
b = (R W)N 
c = [(R — W)?/4] — (66imS)? — of? 


Solving the quadratic, we have 
1/py = [—b + (6? — 4ac)"?]/2a (A-7) 


Now it is possible to insert the numerical values of 
all the variables, such as runway width, receiver and 
transmitter errors, etc., and to determine the lineal 
deviation sensitivity to meet the requirement that the 
aircraft will have a given probability of being over the 
runway if the limit as read on the indicator is not ex- 
ceeded. 

In order to determine the localizer beam width to 
give the desired value of p,;, at the specified pot in the 
approach zone, we may write 


(Continued on page 66) 
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Whenever a physical theory is revised or transformed, it is 
revealed that, nearly always, the observation of one or several 
facts which could not fit within the framework of the theory 
in its then current form is at the base of the changes. The 
facts always remain the keystone on which the stability of any 
theory is dependent, no matter how important it may be. 

For a theoretician really worthy of the name, it may be 
said in passing that nothing could be more interesting than a 
fact which runs counter to a theory until then held to be sound; 
for him, the real work begins at that point. 


Max Planck! 


- MOTIONS of a pendulum, suspended on a 
ball and resting on an anisotropic support, have statistically 
significant amplitude and periodic components of periods ap- 
proaching 24 and 25 hours. 

The installation and the experimental technique are briefly 
described. The observed motions result from four conjugate 
effects: the Foucault effect, an effect of the suspension release, 
the aleatory influence of balls, and, finally, a periodic influence. 
The observed periodic structure cannot be considered as due 
to the disturbances of an aleatory order. Neither can it be con- 
sidered as produced by an indirect influence of known factors 
(temperature, pressure, magnetism, etc.). Finally, it cannot be 
identified with periodic lunisolar effects resulting from the actual 
theory of gravitation. 

A remarkable disturbance has also been observed at the time of 
the total solar eclipse—June 30, 1954. 

At this stage of the discussion, the observed effects must be 
considered as produced by the direct action of a new field. 


Findings 


From 1953 to 1957, I carried out various experi- 
mental research projects on the motion of a pendulum 
resting on an anisotropic support S” through a steel ball, 
this anisotropic support being characterized by very 
small differences in its elasticity as measured in two 
rectangular planes.’ 


1 Initiation to Physics, French transl., page 40; Flammarion, 
Paris. 

2 My findings and the investigations to which they gave rise 
are dealt with in six notes of the Academy of Sciences: C.R.AS., 
245, 1697; C.R.A.S., 245, 1875; C.R.A.S., 245, 2001; C_R.A.S., 244, 
2469; C.R.A.S., 245, 2467; C.R.A.S., 245, 2170. The reader may 
refer to these for useful data which cannot be quoted here for lack 
of space. The object of the present paper is to reveal only the 
general philosophy of the results achieved. It is but an abstract 
of a general report which will be published shortly. 
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Should the Laws of Gravitation Be Reconsidered? 


Part I—Abnormalities in the Motion of a 
Paraconical Pendulum on an Anisotropic Support 


Maurice F. C. Allais 


Ecole Nationale Supérieure des Mines, Paris 


The author is Professor of General Economy at 
the Ecole Nationale Supérieure des Mines, Pro- 
fessor of Theoretical Economy at the Institut 
de Statistique of the University of Paris, and 
Director of Research at the Centre National 
de la Recherche Scientifique. He was gradu- 
ated from the Ecole Polytechnique in 1931 
and—while many of his prize-winning writings 
have been on economics and operations re- 
search—he was this year’s recipient of a prize 
from the American Gravity Research Founda- 
tion for his research on the paraconical pen- 
dulum. This work was begun 5 years ago. 


Even though various types of pendulum were used in 
succession, I shall limit myself to a brief description of 
the arrangements used and the results obtained during the 
series of continuous observations which were run for 30 
days in June and July of 1955. 


Description of the Pendulum 


The paraconical pendulum used was an asymmetrical 
one, consisting of a vertical bronze disc weighing 7.5 
kg., attached to a bronze rod hung from a bronze 
stirrup E resting on a steel] ball 6.5 mm. in diameter, free 
to roll in any direction on a horizontal plane surface S. 


The latter was itself on a hollowed-out circular sup- 
port S’, made of aluminum, with an extension A, 4.5 
em. thick. This design (hollowed-out part) made it 
possible for the pendulum to rotate while in motion, 
over a total angle of 210 centesimal deg. This circular 
support S’ finally rested on three micrometric screws V. 
The pendulum rod and its stirrup weighed 4.5 kg. so 
that the total weight of the pendulum was 12 kg. and 
the length of the equivalent elementary pendulum 
approximately 83 cm. 


The steel balls in use were high-precision SKF balls, 
with bearing surfaces of tungsten carbide and cobalt. 


The experiments were conducted in a basement, and 
the center of gravity of the pendulum was moving at a 
level of approximately 1.50 m. below the surface of the 
natural ground. Support S” was bolted to a beam, 
pressed against the ceiling by a set of beams. 


The pendulum and hanging device are shown in Figs. 
1 to 4. 
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In Part I we propose to review, in an extremely cursory manner 
(a) the abnormalities observed in the motion of a paraconical 


pendulum (pendulum hanging from a steel ball) 
on an anisotropic support. 


(b) the manner in which they should be interpreted, according 


to the present status of our information and discussions. 


In Part IT (to be published in the October issue), we shall point out the relationship that 
these abnormalities appear to have with the irregularities or abnormalities noted 


when investigating a number of phenomena in the realms of 


mechanics, optics, and electromagnetism. 


Experimental Process 


The pendulum was released from a resting position 
every 20 min., using an initial amplitude of about 0.11 
radian, by the burning of a thread. Its motion was 
then observed for about 14 min. by aiming at a needle 
attached to its lower extremity. 

Generally speaking, the point so observed generated 
a curve comparable to a flattened ellipse, the plane of 
the major axis of which was observed with an aiming 
system placed on a circle C centered on the axis of the 
pendulum as defined at rest, and equipped with a scale 
graduated in centesimal degrees and a vernier. This 
system made it possible to determine the azimuth of 
the plane of oscillation with a precision of about 0.1 
centesimal deg. 

After 14 min., the pendulum was stopped, and it was 
again released in the plane of the last observed azi- 
muth. Thus the successive series of observations were 
connected, with releases every 20 min., day and night, 
so that each 24-hour period was made up of 72 series 
of connected azimuth observations. 

In order to rule out any systematic effect, the steel 
ball which carried the pendulum was changed after 
each experiment, every 20 min., and surface S was 
changed at the beginning of each week of observations. 

A curve showing the azimuths observed from June 
7 to 12, 1955, is given in Fig. 5. Each point repre- 
sents the release azimuth corresponding to each series 
of 14-min. observations, equal to the azimuth of the 
plane of oscillation established after 14 min. in the 
above experiment. 


Anisotropy of the Support 


Since support S” was characterized by a very small 
difference in its elasticity values in two rectangular 
planes, the mean position of the plane of oscillation 
tended, under this influence, to locate itself parallel to 
the plane of greatest elasticity of the support indicated 


by vector PO in Figs. 1 and 3, the azimuth of which was 
approximately 171 centesimal deg., measuring azi- 
muths from the south in the direct sense. Here again, 
the overall tendency was to generate ellipses when the 


pendulum was released in a plane other than PO" 
These influences were determined more accurately by 
releasing experiments in various azimuths, in elimi- 
nating the influence ot the epoch with a random choice 
of the release azimuths. 


Fig. 1. General view. 


Fig. 2. Measuring circle. 
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Observed Phenomena 


During a continuous series of observations, however, 
the oscillating plane had not evinced any tendency to 
settle in the vicinity of direction PQ, as might have 
been expected—allowing for the Foucault effect—and 
the variation of the azimuth as a function of time was 
found to be an oscillation which appeared to be very 
irregular, at least at first glance, about the mean direc- 
tion PQ’. The deviations observed over a given 24- 
hour period were very large; azimuth variations occa- 
sionally reached and exceeded 100 centesimal deg. 
The mean observed azimuth P’Q’, as a matter of fact, 
was 150 centesimal deg. on June-July, 1955, less than 
the azimuth of PQ by 22 centesimal deg. 

It is noteworthy that the tangent to the start of the 
mean of the various curves that correspond to the 2160 
series of 14-min. elementary observations making up 
the monthly series for June-July, 1955, is an accurate 
representation of the Foucault effect. 


Factors Influencing the Motion 


In the present condition of my information, it may be 
assumed that the observed azimuth movements are the 
result of four conjugated effects: the Foucault effect, a 
“‘return’’ effect due to the suspension, the random in- 
fluence of the spherical ball, and, finally, a periodic 
effect. 

This periodic effect, which constitutes the very striking 
aspect of the phenomenon reviewed, was revealed, in the 
time series made up of the azimuths observed over a 
given period, by a number of techniques of harmonic 
analysis, the results of which were in remarkable agree- 
ment: Buys-Ballot filter, adjustment to a given group 
of waves by the Darwin or the least square method, 
periodogram, and correlogram. 

Fig. 6 shows the adjustment graph obtained by the 
application of the Buys-Ballot method to the June— 
July, 1955, series for the 25-hour wave. 

Defining = as the typical deviation of the time 
series made up of the values of the azimuths observed 
and R as the radius of the wave which corresponds to the 
analysis made with a Buys-Ballot filter, we give (in 
Table 1) the results obtained for the series of observ- 
ations of June—July, 1955: 


Order of Magnitude of Effects Noted 


The azimuth rates which correspond to the ampli- 
tudes of the two major periodic components revealed 
in the June-July, 1955, series—the periods of which are 
close, respectively, to 24 and 25 hours—are each of an 
order of magnitude equal to one-tenth of the Foucault 
effect. However, the disturbing influences noted are, 
on an average and as a whole, about twice the Foucault 


effect. 
Table 1. 
—R/>— 
> 244 254 » Rostt / Rosh 244 254 
19.99 11.66 14.01 1.20 0.29 0.35 


The values are given in centesimal degrees. 
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Abnormality Noted During Total Solar Eclipse 


Let us point out, finally, that an abnormal lunar and 
solar influence also became apparent in the form of a 
remarkable disturbance of the motions of the para- 
conical pendulum (which gave the very definite im- 
pression of a screen effect) during the total solar eclipse 
of June 30, 1954. The plane of oscillation of the para- 
conical pendulum shifted approximately 15 centesimal 
deg. during the eclipse (see Fig. 7).* The forces in- 
volved were of the same order of magnitude as those 
which correspond to the Foucault effect. 

Here, reduced to essentials, are the facts noted to 
date. 


Four Basic Questions 


The interpretation of the experimental results leads 
to the following four basic questions, to be raised in the 
order given. 


First Question 


Do the monthly series of observations contain statis- 
tically significant periodic terms, with periods in the 
vicinity of 24 and 25 hours? 


3 Fig. 7 shows an azimuth curve tracing for the period extend- 
ing from June 28, 1954 (8 p.m.), to July 1, 1954 (4 p.m.), as well 
as a curve symmetrical to the left part of the curve, which repre- 
sents the azimuth referred to, about the vertical straight line for 
June 30 (midnight). Just at the beginning of the eclipse, the 
azimuth of the plane of oscillation suddenly was raised 5 centesi- 
mal deg. above the trend which first characterized its motion. 
Twenty minutes before the maximum of the eclipse, which was 
recorded at 12:40, this deviation reached a maximum of 15 cen- 
tesimal deg. and then decreased progressively—but more sud- 
denly than it had increased. The deviation was no more than 
1.20 centesimal deg. prior to the end of the eclipse. 

It will be noted that, to such an extent as may be ascertained, 
the shift of the plane of oscillation resumed, after the eclipse, the 
appearance of a motion CD, analogous to AB, which had been 
noted prior to the said eclipse (Fig. 7b). 

Fig. 7a reveals an approximate symmetry of the azimuth 
curve with respect to the vertical for June 30, at 12 midnight. 
This symmetry, which can be ascribed to the periodic structure of 
the motion, is noted for approximately 28 hours. If we assume, 
as is likely, that this symmetry corresponds to a physical reality 
independent of the disturbances created by the contact between 
the steel ball and the surface, it is notable that nothing in ‘the 
branch of the azimuth curve which precedes the time correspond- 
ing to the center of symmetry is in any way comparable to the 
very strong deviation noted during the eclipse. 

It must be further underscored that, during all continuous ob- 
servation periods, no variation of the azimuth curve similar to 
branch BC, corresponding to the solar eclipse of June 30, 1954, was 
ever observed. 

It should be noted that the maximum deviation due to the 
eclipse took place 20 min. prior to the maximum of the eclipse. 
Thus there is a measure of dissymmetry in the effect noted. A 
similar dissymmetry has been observed for terrestrial magnetism, 
but in the opposite direction, the maximum of the effect having 
been observed after the maximum of the eclipse. (Lion, C.R.A.S., 
1851, T. 33, p. 202; Lion, C-R.A.S., 1852, T. 34, p. 207; Lion and 
Muller, C.R.A.S., 1874, T. 74, p. 199. For the terrestrial electric 
field: Nordmann, C.R.A.S., January, 1906, p. 40; Chevrier, 
C.R.AS., 1933, T. 197, p. 1148; Rouch, C.R.A.S., 1954, T. 239, 
p. 465.) 
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Second Question 


If so, can the periodic effects so noted be identified 
with those due to the current theory of gravitation (as 
derived from the double principle of inertia and uni- 
versal gravitation, which is assumed to apply with 
respect to the whole set of Galilean frames of reference) 
as complemented (possibly) by corrections derived 
from the theory of relativity, and such as this current 
theory of gravitation is applied within the framework 
of the current theory of relative motions? 


Fig. 3. Suspension. 


Third Question 


If not, can the existence of periodic terms which are 
of significance in the series so obtained be ascribed to 
an indirect influence of a known periodic phenomenon, 
specifically, to one of the following phenomena: 

(1) Deviation of the vertical (terrestrial tides). 

(2) Variation in the intensity of gravity. 

(3) Thermal effect: 

(a) General (temperature at Le Bourget).* 
(b) Local (laboratory temperature). , 


Fig. 4. Detail of suspension. 
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conical pendulum observed from June 7, 6:00 a.m., to June 12, 2:00 p.m. 


Fig. 6 (right). Harmonic analysis of the June-July, 1955, series, using 


the Buys-Ballot method. 
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Fig. Za(top). Total solar eclipse, June 30,1954. Azimuths of the paraconical pendulum observed from June 28, 
8:00 p.m., to July 1, 4:00 a.m. Fig. 7b (bottom). Total solar eclipse, June 30, 1954. Azimuths of the para- 
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(4) Barometric effect: 
(a) General (pressure at Le Bourget). 
(b) Local (pressure in the laboratory). 
(5) Magnetic effect: 
(a) Normal effect (terrestrial magnetic field as 
recorded at Chambon la Foret).4 
(b) Magnetic agitation (K numbers of Bartels). 
(6) Microseismic agitation: 
(a) Industrial microseisms. 
(b) Wind effects. 
(c) General microseismic agitation. 
(7) Cosmic rays. 
(8) Periodic character of human activity. 
(9) Periodic modification of the structure of the 
device. 


Fourth Question 


If a negative answer to the third question is in order— 
namely, if we must conclude that the effects noted are 
due to the direct action of a new field—should the origin 
of this field be assumed to be solar, lunar, lunar and 
solar, or spatial ?® 


Answers to the Four Basic Questions 


Answer to the First Question 


Any discrete series of 27 + 1 numbers may be repre- 
sented by the sum of a constant and sine waves. 

The obtaining of a sine wave of a given period by any 
method of harmonic analysis can therefore be of real 
significance only if its radius is sufficiently large and if 
the periodic structure noted is found again in the vari- 
ous elementary periods into which the period of ob- 
servation under review can be broken down. 

(a) The generalization of the Schuster test® leads to 
the conclusion that, for the two monthly series of 
November-December, 1954, and June-July, 1955, the 
amplitudes of the waves (or groups of waves) which 
have periods close to 24 and 25 hours must each be 
considered to be very significant statistically (the 
significance level is at least 10~‘). 

(b) The periodic structure of the monthly series 
must be considered to hold for the two periods of one 
fortnight, and even for the periods of one week, into 
which each one-month series can be broken down, 
for the following reason: 

Simultaneous analysis, by the method of the least 
squares, for 13 waves of the tide series, gives 13 sine 
curves, the sum of which can be found with the help 
of Lord Kelvin’s tide predictor. The calculated series 
so obtained, which is the sum of the 13-sine curve, can be 
analyzed, for 24 and 25 hours, by the same method of 
the Buys-Ballot filter. 


‘ Observatory nearest my Saint-Germain laboratory. 

5 By this, I mean a field which could not be related to the sun 
or to the moon. This could be, for instance, a field resulting 
from a dissymmetry of the inertial sidereal space. A possible 
period would then be 24 sidereal hours. 

See footnote 2. 


Table 2. 


Values H-H’ 


Series June-July, 1955 
244 258 
1+2+3+4 O#06™" 0402" 
1+2 —1#09" 0#02™ 
3+ 4 +0443" +0715™" 
1 — 1408" — 0433" 
2 +0459m" 
3 — 1] 
4 +0459" 


If the sine curves obtained really exist in the raw 
series, the Buys-Ballot method must give, for each 
elementary period, a sine curve having phases that are 
comparable for both the crude and the computed series. 
Table 2 shows the results obtained .or the value H-H’ 
representing the difference between those two phases 
in hours and minutes, for the series of June-July, 1955. 

Notation 1 represents the first week; notation 1 + 2 
represents the first 2 weeks, and 1 + 2 + 3 + 4 repre- 
sents the whole of the month. 

Allowing for the fact that each week can be con- 
sidered an independent experiment, such agreement 
between the phases must be deemed to reveal the 
existence of true periodicity. This leads us to the con- 
clusion that the monthly series of June-July, 1955, 
actually contains periodic elements with periods close 
to 24 and 25 hours. 

Thus the answer to the first question must be “‘yes’’ 
in all certainty.’ 


Answer to the Second Question 


The current theory of gravitation (being the result 
of the application, within the framework of the current 
theory of relative motions, of the principles of inertia 
and universal gravitation to any one of the Galilean 
spaces), complemented or not by the corrections sug- 
gested by the theory of relativity, leads to orders of 
magnitude for lunar and solar action (which are 
strictly not to be perceived experimentally) of some 100 
millions of times-less than the effects noted.* 

These effects are so small that none of the nine- 
teenth-century authors who worked on the theory of 
the pendulum, some of whom were excellent mathe- 
maticians, ever had a desire to compute them. 

The extreme smallness of the effects computed can 
readily be accounted for if we allow for the fact that, 


in order to obtain the true gradient f of the moon and 
sun attraction at a point, on the surface of the ground, 
with respect to the earth, we must take the difference 
between the attractions at this point and at the center 


7 Much store has been set in the defects of the equipment 
used—imperfect steel balls, imperfect horizontal positioning of 
the support, etc. I cannot stress enough that the only possible 
effect of imperfections in the equipment are effects of a systematic 
or random type and that, under no circumstances, could they 
entail, whatever they be, the existence of any real periodicity. 

8 On the order of 10~!8 instead of the periodic effects noted of 
some 10~5 rad. per sec. 
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Table 3. 


* 


254 244 


12430 124 


June-July, 1955 14.01 11.66 3.71 2.69 


of the earth, respectively. Gradient f is of the order 
of 10-*. 

Furthermore, the plane of oscillation of the pendu- 
lum can rotate, under the influence of the solar and 
lunar attraction, only because of the variations of the 
gradient about the point considered. Therefore, the 


difference Af between the value of f at the mean posi- 
tion of the pendulum and its magnitude at a nearby 
point must be considered. It® is of some 107'%. 

Furthermore, nothing in the current theory of gravi- 
tation can be considered likely to account for the screen 
phenomenon observed during 1954. 

Therefore, the answer to the second question must 
be no, and this in all certainty. 


Answer to the Third Question 


The very peculiar periodic structure of the series 
observed (amplitude of the 25-hour wave of the same 
order of magnitude as that of the 24-hour wave and 
very much larger than the amplitude of the i2- and 
12.5-hour wave) leads to the elimination, as possible 
causes of the observed abnormalities, of all the phe- 
nomena noted above under the order numbers | to 9. 
(Table 3 shows the results obtained for the series of 
June-July, 1955, the periodicity of which is significant.) 

Indeed, for all these phenomena, the total of the 
amplitudes of the waves having periods close to 25 hours 
is small as compared to the total of the amplitudes of the 
diurnal solar wave group, the semidiurnal solar wave 
group, or the semidiurnal lunar wave group." |! 

The answer to the third question therefore must be, 
for elements 1 to 9 as limitatively listed above, that 
the effects observed cannot be assumed to arise in- 
directly out of the action of any of these elements. 
This statement can be made categorically. 

As long as a phenomenon other than those listed above 
has not been proposed as a possible explanation, it will be 


® See the accurate expression of the effect in my paper to the 
Academy of Sciences (December 16, 1957). 

% Thus, for instance, for the lunar and solar gravitational po- 
tential, the total of the amplitudes of the waves having periods 
of close to 24 hours is approximately 18 times greater than the 
total of the amplitudes of the waves with periods of close to 25 
hours. 

1 Aside from the general argument of the specific periodic 
structure of the results obtained, which, of itself, is enough 
to rule out causes 1 to 9, a certain number of additional argu- 
ments may be presented, some of which are of considerable value 
and lead to the same conclusion but, for lack of space, are not 
presented here. 
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necessary to assume that the phenomena observed are due 
to the direct action of a new field. 

Thus the answer given to the third question is a 
qualified one.!” 


Answer to the Fourth Question 


If, in the present condition of the discussion, we must 
answer the third question with a hypothesis of the 
direct action ot a new field, there will arise the question 
of determining whether this field is derived from the 
action of the moon, from that of the sun, from their 
conjugated action, or, again, from a spatial influence. 

Two remarks are in order: 

(a) In reviewing monthly series, there is no way of 
specifying, when a wave with a period of 24 hours is 
revealed, whether one is dealing with a solar or sidereal 
24-hour period. 

(b) Similarly, when dealing with a period close to 
24 hours, 50 min., nothing justifies the claim that one 
is dealing with a lunar—rather than a solar—effect. 
The mean synodic rotation of the sun about its own 
axis is 27.275 mean days, whereas the sidereal revolution 
of the moon is 27.321 days. As for the mean solar 
day, it is very close in value to the mean sidereal day. 

In order to reach a definite decision, it would be nec- 
essary to use far longer periods of observation. 

Thus it appears to me that it is impossible to con- 
clude with definite certainty that the periods revealed, 
of an order of magnitude equal to 24 and 25 hours, are 
derived respectively from a solar and a lunar action. 
In the current status of available information, such an 
action only appears to me as very likely.'8 

The answer given to the fourth question, therefore, 
has to be of the qualified type. 

(This article will be concluded in the October issue. 
Part II will discuss experiments in connection with the 
abnormalities described in Part I.) 


2 T believe I should point out that nothing else can be the case. 
I can give my answer only with regard to the phenomena which 
I considered or which were suggested to me as being such as to 
account for the effect noted. It is quite possible that an explan- 
atory phenomenon be propounded very soon which would defi- 
nitely prove decisive when investigated. However, in the pres- 
ent condition of the discussion and allowing for all the factors 
already reviewed, the existence of such a phenomenon seems at 
least to be unlikely. 

13 The only known phenomenon related to the rotation of the 
sun is that of the spots. It really seems quite unlikely that the 
variations in the radiation due to the spots can have effects of an 
order of magnitude similar to that of the suppression of radiation 
during the night. Asa matter of fact, there is no connection at 
all between the observed azimuths and the Wolf numbers, which 
are characteristic of lunar activity (for which, unfortunately, we 
have only one value per diem). 

However, it cannot be claimed that there are no other effects 
related to solar rotation. This is enough to rule out a fully cer- 
tain and unequivocal conclusion. 
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This report adapts the principles of Libove and Hubka' to predict one of the elastic constants 
for the double ““V”’ type of corrugated-core sandwich panel. 
The value of this constant represents the transverse shear stiffness of the panel. 
Formulas and charts for the evaluation of this constant are included, 

together with experimental data to substantiate the analysis. 


Transverse Shear Stiffness 


for the Double “V” Corrugated-Core Sandwich Panel 


Alan D. Sapowith 


Allied Research Associates, Inc. 


Mr. Sapowith graduated from West Point in 
1947 and received his Master's degree in 
Aeronautical Engineering from Purdue Uni- 
versity in 1950. Assigned as an R&D officer 
at Wright Field, he studied the effects of blast 
loads from atomic weapons for over 3 years. 
He has since worked on dynamic and struc- 
tural problems at Piasecki Aircraft Company 
and The Budd Company, both of Philadelphia. 
At Budd, he served as Project Engineer on the 
Minuteman. He has recently joined the staff 
of Allied Research Associates, Inc., Boston, as a 
Senior Engineer. 


Rea a section of a double “V” 
panel one pitch wide and of unit depth subjected to the 
following loads: a transverse shear Q, and horizontal 
forces Y (Fig. 1). For small Q, relative distortions of 
the element are proportional to Q,. These relative 
distortions 6, and 6, are shown in Fig. 2. The average 
shear strain may be written as y, = (6,/h) — (6,/p), 
and Dg, is then given by the ratio of shear intensity to 
shear strain or 


Da, = = 1/[(6y/h) — (1) 


As in reference 1, a free body diagram is drawn for 
the double “‘V”’ panel (Fig. 3), and the distortions of the 
elements are shown in Fig. 4. 

Certain assumptions are made: (1) anticlastic cur- 
vature is completely restrained; (2) the forces of ‘‘Y” 
are considered as acting in the midplanes of the skins 
and transmitted to the corrugations through short 
rigid projections; (3) the moments M;, are taken about 
points in the midplanes of the skins and are not the ac- 
tual moments in the corrugations at points A, C, E, 
and G. 

As a result of symmetry, all forces and deformations 
are equal for the four sections of corrugations and 
skins. Assuming the skin moments are zero at points 


The author wishes to acknowledge the cooperation of Dr 
Michael Watter of The Budd Company where this work was 
performed. 


Symbols 
De, = transverse shear stiffness, lbs. /in. 
D, = transverse bending stiffness per unit width, in.Ibs. 
E = modulus of elasticity, lbs./in.? 
h = centroidal distance between skins, in. 
h, = centerline height for single core element (Fig. 3), in. 
I = moment of inertia, in.* 
M = = bending-moment intensity, lbs. 
p = one half core pitch, in. 
P load, lbs. 
Qy = shear intensity, lbs. /in. 
S = design coefficient in the formula for De,, Dea, = 


S[E-/(1 — yc?)], in. 
t = thickness, in 
u = horizontal distance, in. 
m = Poisson’s ratio 
v = vertical distance, in. 
w = maximum deflection of beam (Fig. 7), in. 
Y = horizontal force, lbs. 


Z, = skin shear, lbs. 

6, = relative distortion in horizontal direction, in. 
62 = relative distortion in vertical direction, in. 

6 = core flat angle (Fig. 1), deg. 

c = subscript for core 


= subscript for skin 


B and F and the tangent at D remains fixed, the follow- 
ing equations can be written: 


2x —-2Z7,=1 (2) 
M, = —Z\p (3) 
M=M.4+ VY + + t)/2 — 0] — X(p — u) 
(4) 
1 6 
Mod 
E, I./(l — be”) 
1 + 7 
Mud 
Zip? 
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Fig. 7. Typical transverse shear test. 
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Table 1. 

Theoretical Test 
te ts he 2p 6 De, Do, 
0.006 0.014 0.306 0.220 67° 5,670 6,010 
0.010 0.018 0.4438 0.393 57° 11,590 10,900 


0.008 0.016 0.309 0.218 67° 12,500 12,700 


Eqs. (6) and (7) do not include the component of de- 
flection due to stretching as does reference 1. The 
effect of this component on the value of Dg, proved 
to be less than 1 per cent of the total value for the panels 
considered. 

The above equations may be solved for 6, and 6, from 
which Dg, may be determined. The transverse stiff- 
ness constant may be expressed as follows: 


Dg, S[E./(1 Me”) | (9) 


Values of S, computed for variations in ¢,, f;, h, and @. 
are presented in Figs. 5 and 6, 


Experimental Results 


Values of Do, were determined experimentally from 
tests similar to those described in reference 1. Fig. 7 
shows a simply supported beam with a concentrated 
load at the center. Local deflections at the support 
and loading points were made negligible by the employ- 
ment of small pads. Corrections were made for the 
effect of these pads on maximum deflection. The beam 
was flexed three times, well within the elastic range, 
and a linear plot of load vs. maximum deflection was 
developed. This procedure was followed for two values 
of /: 10 in. and 7 in. 

Considering both shear stiffness and bending stiff- 
ness of the beam, the deflection at the center was ex- 
pressed as 


w = (PI5/48D,b) + (P1/4D¢,b) (10) 


Using the test results, two simultaneous equations were 
solved to obtain Do, 
In 1—7 


= 


where (Aw/Ap)7in. and (Aw/Ap)10 in. are the respective 
slopes of the load deflection curves, / = 10 in. and n = 
0.7. Test results and comparable theoretical predic- 
tions are shown in Table 1. 
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For a thermopile generator in space, it is shown that there is an 
optimum cold junction temperature resulling in a minimum required area of 
radiating surface for given material properties and a given hot junction temperature. 
The ratio of this optimum absolute cold junction temperature to the 
absolute hot junction temperature lies between 0.75 and 0.80 for a wide 
variety of conditions. Resulting values of the minimum required radiating 
surface area and overall thermal efficiency are presented for a broad range 


of material properties and hot junction temperatures. 


Douglas L. Kerr 


General Electric Company 


Radiator Areas of Thermopile Generators in Space 


Tix DEMAND for ever-increasing quanti- 
ties of electrical energy for use in space applications has 
long since led to investigations of methods other than 
batteries by means of which this energy can be supplied. 
Such methods include not only use of conventional 
rotating machinery, but also use of heretofore uncon- 
ventional equipment such as thermopile generators, 
thermionic converters, and fuel cells. 

A characteristic common to most of these systems 
is that they operate by receiving heat from an energy 
source, such as a nuclear reactor, a radioisotope, or 
radiation from the sun, and they convert only a part of, 
this heat to electrical energy. The remainder, or waste 
heat, must then either be absorbed somewhere in the 
vehicle structure and cargo, or be rejected to space by 
means of thermal radiation. In most cases, the latter 
procedure is the only practicable method. Considera- 
tion of the size and weight of the resulting radiator 
structure then becomes one of the significant problems 
associated with the system design. 

It is the purpose of this paper to discuss one aspect 
of this problem—namely, the required area of the radi- 
ating surface—with particular reference to thermopile 
generator applications. One thought behind this ap- 
proach is that the radiating surface area provides a 
fairly good preliminary indication of size and weight, 
at least on a relative basis. Also, the results of such 
considerations provide an indication of some of the 
possibilities for design optimization of space power 
packages. 


Radiating Surface Area Requirements, General Case 


The net amount of heat that can be rejected per unit 
area from a radiating surface located in space can be 


The work reported herein was supported by the Wright Air 
Development Center of the Air Force under Contract No. AF 
33(616)-5281, Task 60199. This article represents a slight re- 
vision of WADC Technical Note 58-244, and appreciation is ex- 
pressed to the Air Force for granting permission to publish it in 
its present form. 
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gineering in the fields of fluid mechanics, 
thermodynamics, and systems associated with 
these fields. As a Mechanical Engineer in the 
Thermal Systems Section, Mechanical Engineer- 
ing Laboratory, his recent work has been con- 
cerned with thermoelectric energy conversion. 


written as: 
dr/Az = eoT — (G;/A2) (1) 
where 
dr = net heat rejected from the surface, watt 
A, = radiating surface area, cm.’ 
¢ = thermal emissivity of the radiating surface, di- 
mensionless 


o = Stefan-Boltzmann constant, = 5.73 10-” 
watt/cm.? — 

Tr = temperature of the radiating surface, °K. 

gs = amount of absorbed radiation from external 
sources such as the sun, earth, etc. (here- 
after referred to as absorbed solar radia- 
tion), watt 


On the other hand, the amount of waste heat that 
must be rejected by a space power package of the type 
here considered is readily shown to be given by 


q/P = (1 — »)/n (2) 
where 


g = amount of waste heat that must be rejected, 
watt 

P = net power output of the device, watt 

n = overall thermal efficiency, defined by 7 = P/q, 
dimensionless 

q = total heat input to the power package, watt 
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If it is assumed that the net power output is dissi- 
pated and rejected elsewhere, g. becomes equal to gr, 
and combination of Eqs. (1) and (2) yields the net power 
output per unit of radiating surface area as 


P/A2 = [n/(1 — 2) — (Gs/A2)] (8) 


Some sample calculations based on Eq. (3) were made, 
both for the case where the absorbed solar radiation is 
assumed to be zero and for the case where the absorbed 
solar radiation is arbitrarily assumed to be 0.085 watt/- 
em.*. This latter value is approximately half of the 
maximum incident radiant energy from the sun, earth, 
and space at an altitude of about 300 miles above the 
earth.| With this amount of absorbed radiation, the 
minimum possible radiating surface temperature for an 
emissivity of 0.9 is 359°K. (186°F.). The results are 
given in Fig. 1, which shows the power output per unit 
of required radiating surface area as a function ot 
radiating surface temperature for various values of 
overall thermal efficiency. 

Since the size of radiating surface has a large effect 
on overall weight, a quantity extremely important in 
space applications, it is desirable to have as high a value 
as possible of power output per unit radiating surface 
area. The desirability of having both a high efficiency 
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Fig. 1. Required radiating surface area to discharge waste heat of a 


power supply for space vehicles, low efficiency range. 
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and a high radiating surface temperature is thus ap- 


parent from Fig. 1. The strong effect of radiating sur- 
face temperature is particularly evident. 

For the case where the absorbed solar radiation is 
assumed to be 0.085 watt/cm.*, the pronounced effect 
of radiating surface temperatures less than 500-600° 
K. upon required radiating surface area is also apparent 
from Fig. 1. In an actual design, it should be possible 
to reduce the amount of absorbed radiation to a value 
less than this, but the need for high-temperature oper- 
ation is believed to be sufficiently illustrated. Further, 
it is worth noting that, for purposes of control and rela- 
tively stable power output, it may be highly desirable 
to have radiating surface temperatures sufficiently hot 
that performance is but little affected regardless of 
whether the radiating surface is exposed directly to the 
sun or is in shadow. 

Fig. 2 gives the same information as Fig. 1 for higher 
values of efficiency. 


Specific Consideration of Thermopile Generators 


It will be recalled that a thermopile generator con- 
sists basically of a number of thermocouples connected 
in electrical series. Each thermocouple is composed of 
two elements or legs—one containing what is usually 
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Fig. 2. Required radiating surface area to discharge waste heat of a 
power supply for space vehicles, high efficiency range. 
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Fig. 3. Overall thermal efficiency of thermopile generator in space ap- 
plication. Absorbed solar radiation = 0.085 watt/cm.2; « = 0.9. 


referred to as a positive thermoelectric material, while 
the other contains a negative thermoelectric material. 
In the generator, every other one of the junctions be- 
tween these dissimilar materials 1s heated while the 
intermediate junction is cooled. The temperature dif- 
ference between these hot and cold junctions gives rise 
to the Seebeck voltage which is the basis for the use 
of this sort of device as an electric generator. 

For such a thermopile generator, the overall thermal 
efficiency to be used in Eq. (3) is a function of hot and 
cold junction temperatures, material properties, rela- 
tive dimensions of the thermoelectric materials, and the 
ratio of the external electrical resistance (load resist- 
ance) to the electrical resistance of the thermoelectric 
material. This neglects the electrical energy dissi- 
pated in any conductors connecting adjacent thermo- 
couple elements. 

For best efficiency, the relative dimensions can be 
optimized. Assuming constant materials properties, 
the resulting overall thermal efficiency can be written 
as? 


mZ 
(7, — T:) 
(4) 
m+1 2 (m+ 1)? 
where 

T; = hot junction temperature, °K. 
T, = cold junction temperature, °K. 


m = ratio of external electrical resistance to the re- 
sistance of the thermoelectric material; can 
be controlled by the designer 

Z = Figure of Merit of the thermoelectric materi- 
als, a function of material properties; has 
the units 1/°K., and is discussed in more 
detail below 


As can be seen from Eq. (4), the properties of the 
thermoelectric materials, in so far as they affect the 
thermal efficiency, can be grouped into the single par- 
ameter Z. This parameter, usually called the Figure 
of Merit, is given by 


Z = {(Sp — + 
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Fig. 4. Power output per unit area of radiating surface for thermo- 
pile generator in space application. Absorbed solar radiation = 
0.085 watt/cm.?; « = 0.9. 


where 

S = Seebeck coefficient of the thermoelectric ma- 
terial (taking algebraic sign into account), 
volt/°K. 

p = electrical resistivity of the thermoelectrical 
material, ohm-cm. 

k = thermal conductivity of the thermoelectric 
material, watt/cm.-°K. 

p, n = subscripts referring, respectively, to the 


positive and negative types of thermoelec- 
tric materials used to form each individual 
couple 


For high efficiency, it is desirable to have large values 
of Figure of Merit. Heretofore, commonly used metal- 
lic thermocouple materials have Figures of Merit on 
the order of 10~*. Using more recently developed ma- 
terials, Figures of Merit on the order of 2 X 107° are 
now obtainable in the vicinity of room temperature, 
while values tend to decrease significantly as the operat- 
ing temperature increases. 

It should be pointed out that Eq. (4) assumes that 
all of the heat from the energy source passes through 
the thermoelectric elements. In some cases, deliber- 
ately or otherwise, the design geometry is such that this 
is not the case. In that event, Eq. (4) does not give 
the overall thermal efficiency of the power system, and 
its use in Eq. (8) is not valid. 

It can be shown that the maximum power output per 
unit area or volume of thermoelectric material occurs 
when m = 1. This condition is thus of interest. On 
the other hand, it can also be shown that for maximum 
efficiency the value of m that should be used is given by? 


m = M = V1 4 (Z/2)(Ti + T) (6) 


Also, using this value of m = M, Eq. (4) reduces to 
the following form?: 


— Ts» M-1 
@) 


which is the maximum efficiency. 

It is of interest, then, to investigate the effects of 
using m = 1 and alsom = M on efficiency as calculated 
from Eqs. (4) and (7), respectively, and in turn to use 
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Fig. 5. Optimum cold junction temperature for minimum required 
radiating surface area for thermopile generator in space application; 
e= 0.9. 


the resulting values of efficiency to determine P /1, from 
Eq. (3) for both m = landm = M. 

This has been done for two different values of Figure 
of Merit Z of 10-* and 10~-** and for two hot junction 
temperatures of 500° and 1,800°K. It was found that, 
for a Figure of Merit of 10~‘, the values of efficiency 
and power output per unit radiating surface area ob- 
tained using m = 1 were practically indistinguishable 
from the values obtained using m = M/. On the other 
hand, the value of m has a measurable effect if the 
Figure of Merit is as high as 10-*. This is illustrated 
by Figs. 3 and 4 which give, respectively, the overall 
thermal efficiency and the power output per unit 
radiating surface area as functions of cold junction 
temperature for a hot junction temperature of 500°K. 
The solid lines are for m = 1, and the dashed lines are 
form = M. The temperature of the radiating surface 
is assumed to be equal to the cold junction temperature 
in Figs. 3 and 4. 

It will also be noted from Fig. 4 that there is an opti- 
mum cold junction temperature for maximum power 
output per unit area of radiating surface for a given 
Figure of Merit and hot junction temperature. How- 
ever, the value of this optimum cold junction tempera- 


* A value of Figure of Merit as high as 10~? has not as yet been 
obtained at any temperature as far as the writer is aware. Cal- 
culations using this value have been carried out primarily for the 
purpose of illustrating the effects of taking an extreme case. 
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ture on Fig. 4 is, for all practical purposes, unaffected 
by the value of m. This same result was observed 
(when g,/A2 = 0.085 watt/cm.’) for the other combina- 
tions of Figure of Merit and hot junction temperature 
noted above. It is true even though the value of ./, as 
will later be shown, can be significantly different from 
unity for these conditions. 

An expression giving the value of this optimum cold 
junction temperature for minimum required radiating 
surface area is now of interest. By substituting Eq. 
(4) into Eq. (3) and differentiating with respect to cold 
junction temperature with all other variables held 
constant, this expression can be found. It can be writ- 
ten in the form 


aT x + bT 29 —c=0 (8) 


where 7. is the optimum cold junction temperature for 
minimum required radiating surface area. It is as- 
sumed that 7». is equal to the radiating surface tem- 
perature. And 
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Fig. 6. Minimum required radiating surface area for thermopile 
generator in space application, low temperature range; « = 0.9. 
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When g,/A:2 is zero, this can be solved directly by the 
quadratic equation 


Tx = (—b + Vb? + 4ac)/2a (12) 


where the positive sign in front of the square root has 
been found to be the one giving the physically realiz- 
able solution. 

When q,/A2 is not zero, Eq. (8) is not a true quad- 
ratic because of the dependence of bupon 7. However, 
this dependence has been found to be of second order 
for the range of variables so far investigated. As a 
result, the solution can be obtained from Eq. (12) by a 
few iterations, where for the first trial g,/A2 is neglected 
in calculating b. 

Results from Eq. (12) for g,/Ad2 = 0, g;/A2 = 0.085 
watt/cm.*, and m = 1 are shown on Fig. 5. Also 
shown on Fig. 5 is the limiting case of T/7, = 0.75 
which is obtained when the value of efficiency used in 
Eq. (3) is assumed to be equal to that of a Carnot cycle 
—i.e., 


= Ncamot = (Ti — T2)/T, (13) 


It is seen that, except at low hot junction tempera- 
tures with absorbed solar radiation, the value of T/T; 
varies little, essentially ranging between 0.75 and 0.8. 
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Using the optimum values of 7, 7, = T/T) given 
on Fig. 5, the maximum values of P/ A», which corre- 
spond to minimum values of radiator area, have been 
calculated from Eqs. (4) and (3) for m = 1 and various 
values of Figure of Merit and hot junction temperature. 
Results are shown on Figs. 6 and 7 for low and high 
values, respectively, of hot junction temperature. The 
corresponding overall thermal efficiencies are shown 
in Fig. 8. Fig. 9 gives the ratio of this thermal ef- 
ficiency obtained at m = 1 to the thermal efficiency ob- 
tained from Eq. (7) at the same temperatures using 
m = M as given by Eq. (6). The values of which 
result are also shown on Fig. 10. 

The maximum possible values of P .1, for a thermo- 
pile generator would be given by optimization of Eq. 
(3) using the value of 7 = ny as given by Eq. (7). Be- 
cause of the temperature dependence of .\/, this pro- 
cedure does not look very promising analytically. How- 
ever, a good approximation to these maximum possible 
values has been obtained by the following procedure. 
It was previously noted that, for g,/4d2 = 0.085 
watt/cm.’, there is a negligible difference between the 
optimum cold junction temperature obtained using 
m = 1 and that obtained using m = .\/ for the range 
of values of Figure of Merit and hot junction tempera- 
ture considered here. It is reasonable to assume that 
this same insensitivity to the value of m also holds true 
when gq; 42 = @. Making this assumption, the opti- 
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mum cold junction temperatures given on Fig. 5 for 
either value of g,/A: are essentially valid both for m = 
1 and form = M. Using these temperatures and the 
values of » = ny given by Eq. (7), the resulting values 
of power output per unit radiating surface area have 
been calculated from Eq. (3) and are plotted on Figs. 
11 and 12. These represent the maximum possible 
values that can be expected from a thermopile genera- 
tor. 


Discussion 


Assuming adequate reliability, the single most im- 
portant parameter of a power package for space appli- 
cations is probably the weight of the system. Obviously, 
the radiator is only one of the components making up 
the total weight, which must also include the generator 
itself, the heat source, and whatever controls may be 
necessary. Thus the design conditions producing 
minimum radiating surface area will not necessarily re- 
sult in the minimum weight of the complete system. 

Nevertheless, the weight of the radiator will gener- 
ally be a very important part of the system weight. 
Hence it is felt that considerations of the type pre- 
sented here are useful from the standpoint of indicat- 
ing the nature of the variation of radiator size with ma- 
terials properties and operating temperatures, as well 

(Continued on page 66) 
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This is the conclusion of a two-part paper. 
The first part, dealing with the characteristics 
of the flight regime under investigation, 

was published in the August issue. 


A Quantitative Analysis of the Characteristics and Limitations of 


Aerodynamic Flight Within the Atmosphere 


Part Il—Limitations 


William Chester Walter, AFIAS 
Avro Aircraft Limited, Canada 


The Cruising Flight Regime 


Generally speaking, the larger the value of (L/D) the 
greater is the range. In order to fly at a given Mach 
Number at or near (L/D) 4max, the aircraft must, of 
course, maintain a corresponding angle of attack. For 
a given configuration, the values of (L/D) 4max and the 
corresponding Cz,,¢ values vary with Mach Number 
only. 

It is characteristic of high-speed aerodynamics 
that the magnitude of the C, attainable reduces as 
Mach Number increases and the range of C, values 
also becomes severely restricted. This condition is 
the result of several factors. For example, at a given 
speed and altitude the severity of aerodynamic heating 
increases with increasing angle of attack. Also, for a 
given configuration, as the Mach Number increases the 
lift coefficient associated with (L/D)4max decreases. 
In addition, the severity of the demands made on 
aircraft aerodynamic pitch controls is increased in 
high-speed flight making it, increasingly more difficult 
to maintain appreciable angles of attack as the Mach 
Number increases. In view of this restriction in 
attainable C, it appears that flight at appreciable 
values of (L/D), and thus long range, can only be 
accomplished using cruise vehicles which have a 
configuration which exhibits large values of (L/D) amax 
at low angles of attack. 

Fig. 8 is a plot of Crope vs. Mach Number for the 
typical configuration used in Fig. 5, assuming turbulent 
flow conditions. The reduction in C,,,¢ with increasing 
Mach Number is apparent. Values of Cz,p¢ for many 
typical aircraft systems are contained within the 
crosshatched area. These values, representing a large 
variety of configurations, are seen to approach the 
same magnitude as those shown for the typical con- 


~ 


figuration of Fig. 5 as Mach Number increases, the 


larger values being associated with canard configura- 
tions. Thus, it appears that above a speed of about 
Mach 4 the values of Cropt vs. Mach Number for 
vehicles designed for aerodynamically efficient flight 
at hypersonic speed may lie within a narrow band, as 
shown by the dashed lines on Fig. 8. 

Fig. 9 is a plot of wing loading vs. Mach Number 
with altitude as a parameter. This curve is a plot of 
Eq. (5) using the C; values of Fig. 8 which illustrates 
that centrifugal lift has the property in this expression 
of bowing out the constant altitude lines at low values 
of wing loading and high Mach Number, and causing 
the constant altitude lines about 100,000 ft. to converge 
very quickly and become asymptotic at approx- 
imately Mach 24 or satellite speeds. Because of the 
C; values used in Eq. (5), one conclusion which may 
be drawn from Fig. 9 is that above 100,000 ft. and 
M-4 each value. of wing loading on a constant altitude 
line closely approximates the maximum allowable 
wing loading of an aircraft for efficient unaccelerated 
level flight at that altitude and corresponding speed. 
This limitation is not considered valid below Mach 4 
since the restrictions on Czop are less severe, as shown 
in Fig. 8. 

Of greater importance, however, is the conclusion 
that Fig. 9 is reasonably valid for any aircraft configura- 
tion in flight at max L/D at supersonic and hypersonic 
speeds due to the narrow limits of Crop previously 
discussed. 

Within the current state of the art, 20 lbs./ft.? is 
considered the minimum empty wing loading structur- 
ally attainable for aircraft designed to fly at supersonic 
speeds. Fig. 10 is a plot of altitude vs. Mach Number 
showing the 20 1b./ft.2 wing loading curve based on 
Fig. 9. This curve, of course, represents the condi- 
tions at the end of cruise (point f on Fig. 1). In order 
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Fig. 9. Wing loading vs. Mach Number and altitude. 
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Fig. 10. Minimum Mach Number required for efficient cruising flight. 
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to initiate a cruise flight at a given altitude, the initial 


conditions must be beneath this curve. For example, 


the curve crosses 120,000 ft. at Mach 7, therefore, to , 


initiate a cruise at 120,000 ft., flight at a higher Mach 
Number than 7 is necessary. 

Notice that above 100,000 ft. the slope of the curve 
decreases markedly such that the speed necessary for 
efficient sustained flight at altitudes approaching 
200,000 ft. is rapidly nearing satellite speed. For a 
given Mach Number cruising flight above the solid 
line is considered increasingly impractical and difficult, 
and accompanied by an increasingly severe penalty 
in range as the altitude increases. The region below 
the solid line is considered to be in the cruising flight 
regime. 

Some measure of the accuracy of this estimate may 
be obtained, as follows. Doubling the C_,,, values 
assumed or halving the minimum wing loading of 20 
Ibs./ft.? assumed results in the dashed curve shown on 
Fig. 10. On the other hand, halving the Cz... values 
assumed or doubling the 20 Ib./ft.* wing loading 
assumed results in the double dashed curve on Fig. 10. 
Neither of these extremes is considered realistic for 
flight near L/D max. Also, as the flight speed in- 
creases, the 20 lbs./ft.? estimate becomes optimistic 
due to the additional structural weight required in 
the basic aircraft to provide adequate aerodynamic 
heating protection. 

Turbulent flow conditions were assumed throughout 
this analysis. If, in fact, laminar flow conditions 
were realized in flight, the (L/D) 4max values would 
increase and be reasonably constant for the whole 
Mach Number range; however, the angle of attack 
for (L/D) 4max would be shifted toward zero. The 
resulting reduction of the Cro, values will be small 
and have little effect on the limits defined by the 
curves in Fig. 10. 

Although a unique approach to the problems of 
high altitude sustained flight could result in a point 
design between the solid and dashed curve, the solid 
curve is considered representative of the practical 
upper limit of cruising flight within the earth’s at- 
mosphere with today’s know-how. 


The Practical Limits of Aerodynamic Flight 


Fig. 11 is a plot of altitude in thousands of ft. vs. 
speed in thousands of ft. per sec. showing both the 
cruising vehicle flight regime and the aerospace vehicle 
flight regime. The upper limit of the aerospace 
vehicle flight regime is defined on the diagram as a 
constant wingloading line of 20 Ibs. per ft.? for a lift 
coefficient of one (high angle of attack flight). This 
condition was selected as the practical limit attainable 
within the current state of the art and the foreseeable 
future. The lower limit of the aerospace vehicle 
flight regime was selected as a constant wing loading 
line of 40 Ibs. per ft.* for the lift coefficient distribution 
shown in Fig. 8; 40 lbs. per ft. was chosen because 
of the limits of aerodynamic heating tolerance cap- 
abilities which will exist in the foreseeable future 


j 


i 


(note temperature limit line). The upper limit of 
the cruising vehicle flight regime was optimistically 
chosen as a constant wingloading line of 10 Ibs. per 
ft.2 for the lift coefficient distribution of Fig. 8 


, to account for possible future improvements in fab- 


rication of very light airframe structures. The 
bottom limit is defined as a constant wing loading line of 
200 Ibs. per ft.” which is about the highest wingloading 
still within the realm of reasonable practicability. 
Notice that these two flight regimes overlap by a 
magnitude of only 30 Ibs. per ft. in wingloading. 


The constant speed cruise portion of a cruising 
vehicle flight would appear in Fig. 11 as a vertical 
line within the cruising vehicle flight regime connecting 
the initial cruising altitude with the final cruising altitude 
attained as a result of the reduction of vehicle weight 
as fuel is consumed. The gliding flight path of an 
aerospace vehicle, on the other hand, would trace 
out a constant wingloading line through the aerospace 
flight regime of Fig. 11 since its weight remains es- 
sentially unchanged in the glide phase. 


Again, within the current state of the art it appears 
that a skin temperature of about 2,000°F. is repre- 
sentative of the limit of engineering capability in 
handling aerodynamic heating with available ma- 
terials. At this temperature limit, as shown in Fig. 
11, access to a large portion of the cruising vehicle 
flight regime, as defined aerodynamically, is cut off 
between speeds of 12,000 and 22,000 ft. per sec. leaving 
only a very narrow practical cruising flight region 
accessible in the vicinity of 20,000 ft. per sec. This 
temperature limit line as shown is applicable only to 
vehicles flying at low angles of attack. This limit 
line shifts upwards as the angle of attack flown is 
increased which would be the case for vehicles operating 
in the region between the upper limit of the cruising 
flight regime and the upper limit of the aerospace 
vehicle flight regime. Therefore, a vehicle operating 
along the upper limits of the aerospace regime would 
experience about the same magnitude of skin tempera- 
ture as its lower flying counterpart at the same speed. 


Flight along the upper limit, however, would be 
characterized by a reduction in the overall magnitude 
of aerodynamic heating relative to flight along the 
lower limit due to the fact that the kinetic and potential 
energy is dissipated at a much higher rate along the 
upper path. In fact, the total flight time along the 
upper path would occur in about one quarter the 
time to fly along the lower aerospace flight regime over 
an equal interval of speed. 


As a matter of interest, the capability resulting from 
the past 50 years of powered flight is shown in Fig. 
11. It should be remembered that this figure re- 
presents essentially aerodynamic and structural limits. 
The problem of providing suitable propulsion systems 
for operation beyond today’s capabilities may well 
deny man the use of some portions of the cruising 
flight regime as defined for practical reasons. This 
should not be the case for the aerospace regime which 
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may well be expanded by improvements in the state of 
the art in the future, which thus far cannot be predicted. 


Conclusions 

The analysis of the characteristics of the aerodynamic 
flight regime showed that centrifugal lift has a profound 
influence on the limitations of both cruising and aero- 
space vehicle flight, and that the effects of the variation 
of the earth’s gravitational acceleration are negligible 
in this area. Having defined an expression for centrif- 
ugal L/D, it becomes possible to determine much 
information concerning the performance of a given 
configuration in the supersonic and hypersonic flight 
regimes using model test data. The above statement 
hold equally true for aerospace vehicles. 

It is evident from Fig. 10 that in order to fly a 
winged vehicle in efficient cruising flight close to the 
upper limits of the cruising vehicle flight regime, the 
vehicle must be designed for low wing loading. Flight 
at low angles of attack is indicated due to the limita- 


+ 


Aircraft Localizer Guidance Systems (Continued 


tions on optimum lift coefficient. The cruising flight 
regime representing current state of the art may be 
defined as the area below the solid curve on Fig. 10; 
however, the curve is not considered strictly valid 
below Mach 4 because the restrictions as Cy p; are not 
as severe at the low supersonic speeds. The curve 
shows that above 100,000 ft. a small increase in altitude 
is accompanied by a large increase in speed required 
for cruising flight at that altitude. For higher wing 
loadings the trend is identical; however, the reduc- 
tion in the slope of the curve occurs at a lower altitude. 
Fig. 11 shows the upper limit of the cruising flight 
regime as a 10 lbs. per ft.* line taking into account 
possible future state of the art advances in low weight 
aircraft structures but should be accepted cautiously. 

Fig. 11 is felt to be representative of a quantitative 
measure of the practical aerodynamic and structural 
heating limits of aerodynamic flight within the at- 
mosphere. 


+ 


from page 45) 


d=~0,S (A-8) 
where d is width of beam in feet at distance S from 
transmitter, and 0, is beam width in radians; also 

pp = Med (A-9) 
where .\/ is stop-to-stop reading in microamperes on 
localizer deviation indicator. 

Therefore, by combining Eqs. (A-S) and (A-9), we 
have 


Thermopile Generators in Space (Continued from 


= M (A-10) 
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page 62) 


as providing some insight into the optimization prob- 
lems involved in space power package systems. Further- 
more, the values of power output per unit radiating 
surface area shown in Figs. 11 and 12 give, to close 
approximation, the maximum possible values obtainable 
from a thermopile generator and thus can be useful in 
preliminary size investigations. 
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He took Bomarc 
off ina crosswind 


This AMF engineer’s design prob- 
lem: a launcher to hold the bird on 
its pad in a 60-mile gale, let go on 
firing, not let go on misfiring. 


His solution: Four aluminum 
arms, each a stubby 3-feet long, that 
clasp 40-foot Bomarce around its tail. 
Unlike systems that release during 
countdown, whether or not the bird 
goes, this system releases only on a 
positive, upward movement that 
actuates a valve in the pad. But, 
because all mechanical devices can 
fail, an emergency release system 
was also needed... 


So, he put a small lever at the end 
of each arm. This lever makes actual 
contact with the bird. As Bomare 


moves up, these levers rotate with it. | 


After an inch of movement, they 
automatically snap the arms out of 
the way if the basic system has not 
already done so. Even in a wind that 
causes violent lateral movement, 
Bomare won’t get bumped. Simple, 
sure...imaginative. 


Single Command Concept 


AMF brings ingenuity like this to 
every assignment. AMF people are 
organized in a single operational 


unit offering a wide range of engi- 
neering and production capabilities. 
Its purpose: to accept assignments 
at any stage from concept through 
development, production, and serv- 
ice training...and to complete them 
faster...in 


* Ground Support Equipment 

* Weapon Systems 

* Undersea Warfare 

Radar 

+ Automatic Handling & Processing 

Range Instrumentation 

* Space Environment Equipment 

* Nuclear Research & Development 
GOVERNMENT PRODUCTS GROUP, 


AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


Be “sineering and manufacturing AMF has ingenuity you can use ma i 


lf your career needs 
care and feeding... 
DOUGLAS AIRCRAFT COMPANY | 
MISSILES AND SPACE SYSTEMS 


has immediate openings | 
in the following fields— | 
| 


Electrical and Electronics: 

Control System Analysis & Design 
Antenna & Radome Design 
Radar System Analysis and Design 
Instrumentation 
Equipment Installation 
Test Procedures | 
Logic Design 

Power System Design 


Mechanical Engineering — 
Analysis and Design of the following: 


Servo Units 

Hydraulic Power Systems 

Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 


Aeronautical Engineering: 


Aerodynamic Design 

Advanced Aerodynamic Study 

Aerodynamic Heating 

Structural Analysis 

Strength Testing 

Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 

Design of Complex Structure 

Trajectory Analysis 

Space Mechanics 

Welding 

Metallurgy 


Physics and Mathematics: 


tas News 


IAS Sections 


Experimental Thermodynamics 

General Advanced Analysis in 
all fields 

Computer Application Analysis 

Computer Programming and 
Analysis 

Mathematical Analysis 


For full information 

write to: 

Mr. C. C. LaVene 

Box 620-2 

Douglas Aircraft Company, Inc. 
Santa Monica, Calif. 
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Great Salt Lake Section 


Ex-IAS President Looks at 
an Engineer’s Future 


By a series of undemonstrated errors 
our technology can become our master—it 
can become and remain our servant only 
if we strive to avoid error, or, having failed 
to avoid it, we have the courageous intelli- 
gence to continue to search for truth. 
This was one of the thoughts expressed 
by Edward C. Wells, Vice-President and 
General Manager of Boeing Airplane Co., 
in his talk at the June 26 meeting on 
‘‘An Engineer Looks at the Future.’’ 

One way of estimating the future, he 
said, is to take a look at the past and then 
extrapolate into the future. He noted 
that December, 1958, was the 55th anni- 
versary of the Wright Brothers’ first flight, 
and that the problems that had to be 
solved by them to insure success were still 
very much with us, appearing to be critical 
also for many future developments. 
These include propulsion, materials, guid- 
ance and control, stability, weight and 
drag—and, certainly, the element of cost. 
During these 55 years, we have gone 
through cycles of research and exploration, 
followed by exploitation. Today, he said, 
we are beginning to explore the potential 
of supersonic, hypersonic, orbital, and 
space flight, but, as we enter the Space 
Age, he noted that there was one impor- 
tant difference from the past—it is by no 
means clear yet whether there is an ap- 
propriate reward of tangible nature await- 
ing those who make a massive hardware 
assault on space. 

After reviewing the developments that 
have occurred during the last 55 years, 
Mr. Wells observed that two recent ones 
offer a promise to the passenger who wants 
to go a long way in a short time. These 
are the turbo-fan engine, which offers, 
theoretically at least, a promise of efficient 
application to almost any high subsonic 
airplant, and the supersonic transport. 
The question of whether the supersonic 
transport will be developed and can be 
commercially successful will be answered 
in the affirmative if it offers advantages 
to the passenger consistent with the cost. 
Mr. Wells said that he assumed in the next 
generation of transport aircraft there 
exists a potential for operation at 2.5 Mach 
Number while flying within the atmos- 
phere. He said, however, that no arbi- 
trary limit should be placed on our study 
of the problem and that we must continue 
to determine practical and economic limits 
of our conquest of the outer atmosphere 
and the fringes of space. 

Taking a look at the prospects for the 
air commuter, he conjectured on whether 
vertical take-off and landing devices other 
than the helicopter would come into general 
use. He said that this was a field of 
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development in which only the surface 
had been scratched; helicopter capability 
without helicopter shortcomings is still 
a dream, but the potential utility involved 
might very well bring it to some form of 
reality. 

Turning to military trends of the future, 
Mr. Wells said that it was characteristic 
of development cycles for the military 
programs to lead the commercial in the 
exploitation of new scientific and engineer- 
ing knowledge, often with a correspond- 
ingly higher risk factor. A critical ap- 
praisal, however, could result in safer 
military systems with little real loss in 
military effectiveness. 

Mr. Wells said the limiting military fac- 
tors that are foreseeable in the future are 
money, materials, and manpower—man- 
power with respect to quantity and espe- 
cially quality—the ultimate limit being the 
limit of human intelligence. A space 
environment, he said, might expose us to 
limits of human endurance, and certainly 
it would require a higher order of intelli- 
gence than we have consistently exercised 
if we are to have a reasonable sensible 
program of exploration and exploitation. 

Thus, in the combination of space 
technology and weapons of mass destruc- 
tion, Mr. Wells said that we have possi- 
bilities before us which will require the 
application of superhuman intelligence. 
Two important factors on which intelligent 
programs must be ultimately based, he 
said, are exploratory research for our long- 
term military and commercial future, and 
the ability to apply more fundamental 
knowledge more logically. 

Mr. Wells referred to Dr. Edward 
Teller’s belief that historically every 100 
years have brought about a doubling of 
the store of human knowledge. If this is 
so, and there’s no reason to believe other- 
wise, he said, we are faced with a formi- 
dable problem. The products on which 
we work are becoming more and more 
comprehensive in nature, while at the 
same time our store of available knowledge 
is increasing rapidly. This means that 
we must either develop superscientists 
and engineers capable of producing and 
absorbing knowledge at an ever-increasing 
pace, or that we must learn to train each 
individual well in an area suited to his 
capability while at the same time perfect- 
ing our ability to operate in such a way as 
to be effective on any major program. 

If the engineer can recognize the im- 
portance of improving his store of new 
knowledge and develop governmental, 
educational, and management leadership 
to preserve and make use of such knowl 
edge, and, having these two assests, if he 
can use them intelligently to design end 
products which are useful, simple, eco- 
nomical, safe, durable, and reliable, then 
certainly engineers have a challenging 
future to look forward to. 


MISS! 


E = 
= 
ee. =: = = 
== 
= 
== 
CRE = 

= 

SSS 
| 
j 

} 

| 
: 
| 
| 

| 

| 

| 
| 

| | 
. 

& 

} 

| 
: 


le system 


It takes more than pressing a button to send a giant rocket on its way. 
Actually, almost as many man-hours go into the design and construction 
of the support equipment as into the missile itself. A leading factor in the 
reliability of Douglas missile systems is the company’s practice of including 
all the necessary ground handling units, plus detailed procedures for system 
utilization and crew training. This complete job allows Douglas missiles like 
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 
to operational status and perform with outstanding dependability. Douglas 
is seeking qualified engineers and scientists for the design of missiles, 
space systems and their supporting equipment. Some immediate openings 
are described on the facing page. Please read it carefully. 


Alfred J. Carah, Chief Design Engineer, discusses the ground installation 
requirements for a series of THOR-boosted space DO U G LAS 
probes with Donald W. Douglas, dr., President of 

MISSILE SYSTEMS Il SPACE SYSTEMS Ill MILITARY AIRCRAFT Ml JETLINERS ll CARGO TRANSPORTS I AIRCOMB Ill GROUND-HANDLING EQUIPMENT 
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AGACS, Experimental Automatic Ground/Air/ 
Ground Communication System is a new concept 
in Air Traffic Control Communications to meet the 
accelerated pace of increased air traffic. Primary 
objectives are efficient usage of frequency spectrum, 
added safety through increased reliability and re- 
duced burden to pilot and controller, and adapta- 
bility to all classes of aircraft. AGACS provides 
compatibility with existing ground and airborne 
communication equipment, selective addressing of 
information, and a minimum number of frequency 
changes during flight. The system utilizes two-way 
time division data transfer over existing ground 


Tmk(s) ® 


and air communication links to provide an auto- 
matic, mutual exchange of information. The air- 
borne facilities display to the pilot the last sig- 
nificant Air/Ground and Ground/Air message 
quantities, while the controller may recall from 
central memory-storage equipment the last Air/ 
Ground and Ground/Air message quantities for 
display. The AGACS program is still in the devel- 
opmental stage. In August, 1959, RCA provided 
initial models of both airborne and ground equip- 
ments for the Bureau of Research and Development 
of the Federal Aviation Agency for extensive ex- 
perimentation and flight tests. 
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... current literature of aeronautical engineering and space technology 


Tuis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. ‘This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The AEro/Space ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- | 
tion are maintained by the Library | 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. | 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


PERIODICALS AND REPORTS..............-.-. 72 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 85 


Subject Index to Periodicals & Reports 


Acoustics, Sound, 72 Materials 
Aerodynamics, Fluid Mechanics......... 72 Ceramics & Ceramals................- 105 
Aerothermochemistry, Dissociation, Corrosion & Protective Coatings...... 105 
Aerothermodynamics..............005 72 Metals & Alloys, Nonferrous........... 106 
Jet Flaps & 77 Differential Equations........... 106 
77 Functions & Operators .. 106 
Control Systems, Automatic Pilots.... 80 108 
31 Atmospheric Structure & Physics...... 108 
Missiles, Rockets, Space Craft.......... 108 
Education & 82 8 
; Electronic Aids 
Measurement & Testing.............. 82 Jet & Turbine 
Hydraulic & Pneumatic............... 104 118 
Pressure Measuring Devices.......... 105 120 
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Acoustics, Sound, Noise 


The Acoustics wd a ‘Moving Medium. L. A. 
Chernov. Sov. Ph Acous., Oct.-Dec., 1958, 
pp. 311-318 “41 <a Translation. Survey of 
fundamental results of studies on the acoustics 
of moving media. 


Sonically Induced Microstreaming Applied to a 
Surface Reaction. W. L. Nyborg, R. K. Gould, 
and F. J. Jackson. ASA J., June, 1959, pp. 
706-711. AFOSR-supported description of ex- 
periments and of special arrangements used to 
produce small-scale eddying near surfaces at 
which reactions are taking place in order to 
determine the effect of such motion on physical 
or chemical processes at interfaces. Photo 
graphic development is shown to be a convenient 
process for study 


of in Sound Waves. 


kK. E. Gubkin. (Prikl. Mat. 1 Mekh., July-Aug., 
1958, pp. 561-564.) PMM ~A ppl. Math. & 
Mech., No. 4, 1958, pp. 787-793. Translation. 


Solution of the equation of gas dynamics for the 
propagation of waves of small amplitude. 


A Cylindrical Sound Pulse in a Rotating Gas. 
L. E. Fraenkel. J. Fluid Mech., May, 1959, pp 
637-649. ONR-sponsored study of the propa- 
gation of a sound pulse into a gas which initially 
has solid-body rotation and constant tempera- 
ture, the initial pressure and density increasing 
outward as e*, where x is the square of a certain 
dimensionless radial coordinate. 

Full-Scale Investigation of Several Jet-Engine 
Noise-Reduction or W. D. Coles and E. E 

Callaghan. U.S., NACA Rep. 1387, 1958. 23 
pp. 13. refs “Be of Doc., Wash., $0.30. 
Investigation of a number of nozzles using the 
mixing interference of adjacent jets for noise 
suppression. Reductions in sound power of 
nearly 70 per cent (5 db.) with thrust losses of 1 
per cent were achieved. A method for calcula- 
ting the limiting frequency effected by multiple- 
slot nozzles is presented. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, Ablation 


Chemical in Supersonic Flow. F. A. 
Williams. ARS June 1959, pp. 442, 443. 
Presentation of characteristic "equa- 
tions for chemical reactions including the equa- 
tions of state, chemical reaction rate, and mass, 
momentum, and energy conservation. 


The Effect of Vehicle Deceleration on a Melt- 
ing Surface. D. M. Tellep. (Lockheed Aircraft 
Missile Systems Div. TR LMSD-48381, vol. 1, 
Jan., 1959.) J. Aero/Space Sci., Aug., 1959, pp. 
037, 538. 


Aerothermodynamics 


The Effect of a Nonisothermal Free Stream on 
Boundary-Layer Heat Transfer. E. M. Sparrow 
and J. L. Gregg. (ASME Annual Meeting, 
New York, Nov. 30-Dec. 5, 1958, Paper 58-A- 
42.) ASME Trans., Ser. E- AM, June, 1959, pp. 
161-165. Analysis showing that the problem of 
forced-convection heat transfer to a _ linearly 
nonisothermal free stream gives rise to an exact 
solution of the boundary-layer energy equation. 
Numerical calculations are carried out for Prandtl 
Numbers ranging from 0.01 to 50, and heat-trans- 
fer results are presented. 


Preliminary Results of Measurement of Ef- 
fects of Diffusion of Helium Into the Laminar 
Boundary Layer of a Supersonic Flow of Air in a 
Tube at Mach 5. S. W. Gouse, Jr., G. A. Brown, 
and Joseph Kaye. J. Aero/Space Sct., Aug., 
1959, pp. 533-535. 


Boundary Layer 


Zameshchenie Pogranichnykh Sloev pri Smene 
Zhidkostei ili Gazov. Iu. A. Demiianov. Prikl. 
Mat. i Mekh., Mar.-Apr., 1959, pp. 370-375. In 
Russian. Study covering the change of boun- 
dary layers for the case of liquid or gas flows 
around semi-infinite plates. 

Area-Suction Boundary-Layer Control as Ap- 
= to the Trailing-Edge Flaps of a 35° Swept- 

ing Airplane. W. L. Cook, S. B. Anderson, and 
G. E. Cooper. U.S., NACA Rep. 1370, 1958. 
33 pp. Supt. of Doc., Wash., $0.35. Descrip- 
tion of wind-tunnel and flight tests indicating that 
area suction applied to the trailing-edge flaps 
produces significant increases in flap increment. 
Although the flap boundary-layer control reduces 
the stall speed only slightly, a reduction in ap- 
proach speed of about 12 knots is obtained. 


Unsteady Laminar Boundary Layers Over an 
Arbitrary Lo with Heat Transfer in an In- 
compressible Flow. Kwang-Tzu Yang. (ASME 
Annual Meeting, New York, Nov. 30-Dec. 5, 
1958, Paper 58-A-49.) ASME Trans., Ser. 
E- AM, June, 1959, pp. 171-178. Presentation 
of a method for calculating the botndary layers, 
based on the unsteady momentum and energy- 
integral equations in conjunction with a set of 
universal functions derived from unsteady ve- 
locity and temperature profiles. The reliability 
and limitations of these functions are discussed, 
and a detailed calculation procedure for the gen- 
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eral unsteady problem is given, followed by a 
numerical example. 

Compressible Laminar Boundary Layer Over a 
Yawed Infinite Cylinder with Heat Transfer and 
Arbitrary Prandtl! Number. Appendix A, B— 
Solution of Ordinary Differential Equations. 
Appendix C—Asymptotic Solution. Appendix 
D-—-Stagnation-Line Recovery Factor for Yawed 
Cylinder. Eli Reshotko and I. E. Beckwith. 
U.S., NACA Rep. 1379, 1958. 49 pp. 29 refs. 
Supt. of Doc., Wash., $0.50. 


Mass Transfer in Laminar Boundary Layers 
Calculated by Means of a Perturbation Method. 
H. J. Merk. Appl. Sci. Res., Sect. A, No. 4, 
1959, pp. 237-260. 29 refs. Calculation of the 
influence of the convective compensating velocity 
on the mass transfer. This velocity depends on 
the properties of the body surface with respect 
to the diffusing species in the fluid. 


Mass Transfer in the Laminar Boundary Layer 
Along a Flat Plate Calculated by Means of the 
Integral EC H. J. Merk. Appl. Sci. Res., 
Sect. A, No. 4, 1959, pp. 261-277. 10 refs. 


Some Preliminary Results of Visual Studies of 
the Flow Model of the Wall Layers of the Turbu- 
lent Boundary Layer. S. J. Kline and P. W. 
Runstadler. (ASME Annual Meeting, New 
York, Vov. 30-Dec. 5, 1958, Paper 58-A-64.) 
ASME Trans., Ser. E- AM, June, 1959, pp. 166- 
169. Summary of results of positive, zero, and 
negative pressure gradients, readjusting zones, 
and the later stages of transition. The visuali- 
zation methods developed show a definite three- 
dimensional vortex-flow model. A _ possible 
physical interpretation of this model is given and 
some of its implications are discussed. 


On ‘Transformation of the Compressible 
Turbulent Boundary Layer.’’ Michiru Yasuhara. 
J. Aero/Space Sci., Aug., 1959, pp. 528, 529 
Comparison of results obtained by Mager and 
Coles. The analytical work is shown to be in 
good agreement, but appreciable effects of Mach 
Number are observed when compared to experi- 
mental data. Possible causes of the discrepancies 
are discussed. 

The Law of the Wake in Compressible Tur- 
bulent Boundary Layers. P. A. Libby and 
Marian Visich, Jr. J. Aero/Space Sci., Aug., 
1959, pp. 541, 542. Application of an approach 
proposed by Coles to correlate some experimen- 
tally determined profiles corresponding to the 
mixing of two streams in the presence of a wall. 


Control Surfaces 


The Flow Upstream of Finite Span Spoilers at 
Supersonic Speeds. A. Stanbrook. Gi. Brit., 

RC CP 427 (Sept., 1957) 1959. 9 pp. BIS, 
New York, $0.32. Description of the flow system 
of swept and unswept spoilers in terms of a 
vortex type flow. This is shown to be consistent 
with experimental pressure distributions. 


Flow of Fluids 


An Exact Solution of the Energy Equation in a 
Particular Case of the Motion of a Viscous In- 
compressible Fluid. G. A. Tirskii. 


Mat. i Mekh., July- Aug., 1958, pp. 555-560.) 
PMM—Appl. Math. & Mech., No. 4, 1958, pp. 
777-786. Translation. 


A Note on the Existence of Periodic Solutions 
of the Navier-Stokes Equations. James Serrin. 
Arch. Rational Mech. & Anal., Apr. 20, 1959, 
pp. 120-122. USAF-supported research. 


Sverkhzvukovye Osesimmetrichnye Koniche- 
skie Techeniia s Konicheskimi Skachkami, 
Granichashchimi s Parallel’nym Ravnomernym 
Potokom. G. L. Grodzovskii. Priki. Mat. 1 
Mekh., Mar.-Apr., 1959, pp. 379-383. In Rus- 
sian. Study of supersonic axisymmetric conical 
flows adjacent to a parallel uniform flow. Four 
types of flow observed at supersonic speeds are 
described. 

The Similarity Rules for Second-Order Sub- 
sonic and Supersonic Flow. M. D. Van Dyke. 
U. NACA Rep. 1374, 1958. 8 pp. 13 refs. 
Supt of Doc., Wash., $0.20. Extension of the 
similarity rules for linearizing compressible flow 
theory (Géthert’s rule and its supersonic counter 
part) to the second order. It is shown that any 
second-order subsonic flow can be related to 
“nearly incompressible”’ flow past the same body, 
which can be calculated by the Janzen-Rayleigh 
method 

Inviscid Hypersonic Flow Around Spheres and 
Circular Cylinders. E. a ae J. Aero 
Space Sci., Aug., 1959, pp. 529,530. Summarized 
presentation of the final voce derived pre- 
viously and presentation of graphical results. 


O Volnovom Soprotivienii Neosesimmetrich- 
nykh Tel v Sverkhzvukovom Potoke. G. I. 
Maikapar. Prikl. Mat. t Mekh., Mar.-Apr., 
1959, pp. 376-378. In Russian. Study of a 
class of tapered bodies and determination of the 
effect of geometrical parameters on the wave 
drag of such bodies in supersonic flow. 


Sull’Ogiva di Minima Resistenza d’Onda. 
Luigi Marchetti. L’Aerotecnica, Feb., 1959, pp. 
3-6. In Italian. Calculation of the minimum- 
wave-drag profile using a method developed to 
determine the shock wave with minimum loss of 
kinetic energy. 


Ogiva di Minima Resistenza nel Moto Iper- 
sonico Piano. Ennio Mattioli. L’ Aerotecnica, 
Feb., 1959, pp. 14-24. 14 refs. In Italian. 
Determination of the ogive having minimum 
drag in two-dimensional hypersonic flow for a 
given thickness, a given arc length, and a given 
enclosed area. The fluid is assumed to be in- 
viscid and the airfoil symmetric with zero inci- 
dence. 

Accelerating Body with Vortex Trail in Variable 
Two-Dimensional Flow. G. Power. ZAMM, 
Mar.-Apr., 1959, pp. 139-146. Derivation of 
expressions for the resultant hydrodynamic forces 
on a cylinder for the case of nonuniformly moving 
fluid. 

The Motion of a Double Wedge-Shaped Pro- 
file at a Speed not Exceeding That of Sound, 
S. K. Aslanov. (Prikl. Mat. i Mekh., July- -Aug., 


1958, pp. 452-464.) PMM—Appl. Math. & 
Mech., No. 4, 1958, pp. 632-648. 20refs. Trans- 
lation. 


Impulsive Symmetrical Cavitational Flow Past 
a Grid of Plates. S. I. Parkhomovskii. (Prikl. 
Mat. t Mekh., July-Aug., 1958, pp. 565-568.) 
PMM—Appl. Math. & Mech., No. 4, 1958, pp. 
794-799. Translation. 


Tochnoe Reshenie Osesimmetrichnoi Zadachi 


Ideal’noi Zhidkosti. G. Nazarov. Prikl. 
Mat. i Mekh., Mar.-Apr., 1959, p. 388. In 
Russian. Derivation of an exact solution for the 


axisymmetric problem of an ideal liquid. 


A Note on Magnetohydrodynamic- 
Flow Past a Blunt Body. W. B. Bush. 
Aero/Space Sct., Aug., 1959, pp. 536, 537. 


Magnetohydrodynamic Effects in Aerodynamic 


Flows. W.R. Sears. (ARS 13th Annual Meeting, 
New York, Nov. 17-21, 1958.) ARS J., June, 1959, 
pp. 397-406. 52refs. AFOSR-ONR-supported 


summary of the principles of magnetohydro- 
dynamics and their application to aerodynamics. 
The possibilities of using the phenomena to affect 
the lift and drag of flying bodies, to inhibit the 
transfer of heat from hot gas streams to adjacent 
bodies, and to produce or augment thrust are 
all discussed. 

A Further Note on Hypersonic Stagnation 
Point Flow witha Magnetic Field. N.H. Kemp. 
Avco Res. Lab. RR 53 (AFOSR TN 59-445) 
{AD 214807|, Apr., 1959. 15 pp.  Presenta- 
tion of the correct numerical solution to the in- 
viscid vorticity equation, as well as some solu- 
tions for the viscous boundary layer of an axi- 
symmetric stagnation point with magnetic field. 
Some of the implications of these solutions for 
reducing the stagnation point heat-transfer rate 
and shear stress are discussed. 

Shock Waves Reflected by Magnetic a 
W. R. Atkinson, W. Holden, an 
Fowler. J. Appl. Phys., June, 1959, 4a ‘er 
802. ONR-supported study of fast mov ing 
plasmas encountering transverse magnetic fields 
on the order of 10* gauss which are decelerated so 
rapidly as to produce reflected shock waves. 
The velocities of the advancing and reflected 
waves are recorded as a function of pressure and 
field. 

Electromechanical Energy Conversions in a 
Cylindrical Pinch Process. J. L. Neuringer. 
IRE Trans., SET Ser., June, 1959, pp. 55, 56 
Analysis of the series circuit associated with the 
high current discharge through a_ cylindrical 
tube filled with gas. 


Teoriia Elektricheskogo Razriada v Dvizhush- 


cheisia Provodiashchei Srede. V. N. Zhigulev. 
AN SSSR Dokl., Feb. 21, 1959, pp. 1226-1228. 
In Russian. Study covering the compression 


phenomenon of an electric discharge in a moving 
conducting medium 


Rayleigh’s Problem in Hydromagnetics: 7 
Impulsive Motion of a Pole-Piece. G. S 
Ludford. (U. Md. Inst. Fluid Dynamics > 
Appl. Math. TN BN-151, Nov., 1958.) — Arch. 
Rational Mech. & Anal., Mar. 24, 1959, pp. 14- 
27. AFOSR-OOR- supported analysis of the 
mstion of a viscous, electrically conducting fluid 
contained between the pole-pieces of a magnet 
providing a uniform external field. By means of 
the Laplace transform a simple solution is given 
for which the transition from zero to infinite 
conductivity can be traced and the modifying 
effects of viscosity determined. 


_ Einige Betrachtungen iiber die Strémung 
inkompressibler Fliissigkeiten durch nichthomo- 
gene porédse Medien. T. Oroveanu. (Stud. 
Cerc. Mec. Aplic., No. 4, 1956; Nos. 1, 4, 1958; 
Acad. R.P.R. Commun., No. 5, 1955; No. 1, 
1958.) Rev. Méc. Appl., No. 4, 1958, pp. 463- 
479. 11 refs. In German. Development of a 
method which would provide a_ solution, in 
general form, for the problem of flow of incom- 
pressible fluids through nonhomogeneous porous 
media. 


Erzwungene Schwingungen in rotierenden 
Fliissigkeiten. Hansjérg Oser. Arch. Rational 
Mech. & Anal., Sept. 24, 1957, pp. 81-96. Il 
refs. In German. Presentation of the mathe- 
matical approach to the problem of forced vi- 
brations in rotating fluids. 

On the Forced Motion Due to Heating of a 
Deep Rotating Liquid in an Annulus. T. V. 
Davies. J. Fluid Mech., May, 1959, pp. 593- 
621. Study of a heated rotating liquid con- 
tained in the annulus between two cylinders and 
having a strongly marked jet stream appearing 
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Air Weapons Control Syste™ 


WEAPONS SysTEMS ANALYS! 
PROGRAMMING 


Syst 


@ Working in close cooperation with 
the USAF, it is Heavy Military’s 7° 
sponsibility to integrate all subsys- 
tems— data acquisition, communica 
tions, data processing and display — 
plus various defensive weapons into 
a well coordinated and efficient oper- 


ating system. 


provided for the air contr 


problem of Aw Defense 


Gystems-oriented engineers and scientists will appreciate the broadband t 


tire continent. Designed for both 
fixed and mobile applications, the 
121 will be used primarily outside 
the U. S. since the SAGE system is 


used for the defense of this country: 


« Fixed & Mobile Radar 
 Shipborne Radar 

« Underwater Detection Systems 
« Missile Guidance 

Data Handling Systems 

Communications 


Syracuse, N.Y. 


ces 
chi 
ik 
— EN GINEERS SCIENTISTS : 
enera ectric ea ylita ectronics ept. 
cs. 
AWARDED CONTRACT FOR 
A universal electromec control system to meet the vast 
side of the Continental United States: 
; 4 
a 
nd who are experienced in: 
Be ComMunicaTion SysTEMs ° Ravan SYSTEMS WEAPONS ConTROL 
« OTHER FAR-RANGING Fs 
— pRoGRAMS AT 
15 ALSO DESIGNING far-ranging programs are being 
qHE “HEART” oF THE system pursued i” diverse and impor 
yERSATILE AIR CONTROL In addition to its prime mission of tant areas at HMED: Be 
ng ‘ / APPLICATIONS The revolution” providing systems management 
4 ary can be used to defend a HHMED will desig™, develop and pro- 
me single airfield, OF, by linking control duce the data processing and dis- 
3. sites together, st could be used in pla subsystem which is the “heart 
3. 4 a Jimited action to provide air control of the 212L. Capable of rapidly and 
a for an area the size of Alaska. Simi- automatically detecting and tracking a = 
larly, by {inking the capabilities of ait targets, the subsystem operates 
s GR b together, system could be without human assistance, except un 
ol of an en der unusual circumstances- 
1a 
vi- Individuals with experience in systems analysis OF specific equipment 
. design in the areas fisted above are invited to forward their resume 
/ in complete confidence t© Mr. George Callender, Div. 2-Ml. 
HEAVY MILITARY ELECTRONICS DEPARTMENT 
CENERAL @® EBECTRIC : 
Court STREET: 


General 


Mills 


his is our R. L. Lillestrand, Project Engineer. Here he ex- 
mines a model of his Stellar Aberrascope, a multiple star 
acking device which is expected to provide the measure- 
ent of space vehicle velocities to accuracies of the order of 


evelopment of a space vehicle guidance sys- 
2m which may one day be a factor in sending 
hanned U.S. space stations into orbit around 
he earth is just one problem being attacked 
t the Mechanical Division of General Mills. 
a research, engineering and manufacturing, 
re are finding solutions te many problems 
nat have application in the space age. 


bur research activities cover broad areas in 
hysics, chemistry, mechanics, electronics 


100 feet per second. The Aberrascope is designed so that 


precise alignment of the star trackers is not necessary. His 
investigations could have a bearing on self-contained 
guidance systems used in future space vehicles. 


xeneral Mills is working today to help 


and mathematics. Some of the studies repre- 
sentative of these activities are: ions in 
vacuum, deuterium sputtering, dust erosion, 
magnetic materials, stress measurements, 
surface friction and phenomena, trajectory 
data and infrared surveillance. 


In our engineering department, current proj- 
ects include: airborne early warning systems, 
micro wave radar test equipment, antennas 
and pedestals, infrared and optics, inertial 


: 
a 


guide vehicles in outer space tomorrow 


guidance and navigation, digital computers. 


Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 
requirements. Our people have a wealth of 


experience in complex military projects. 


We will be happy to discuss with you the 
Many ways in which our research, engineer- 
ing and manufacturing capabilities can serve 
you. Write for more information. 


MECHANICAL DIVISION [ veer! 


1620 Central Avenue, Minneapolis 13, Minnesota I Is 


To wider worlds—through Intensive Research « Creative Engineering * Precision Manufacturing 


assembling a space station illustration f i , ‘ ae 
4 Pp ... illustration from a book written for General Mills by Willy Ley. a 
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NEW DEVELOPMENTS 
IN AIR NAVIGATION 
AND 
COMMUNICATIONS: 


1. For tracking missiles and 
drones: the AN/DPN-50,a 
rugged, powerful, airborne 
C-band chain radar beacon. 
Range up to 1,000 miles with 
exceptional reliability, low 
weight, small volume. 


2. The ANJARN-52 (XN-1): 


high-performance TACAN 
transceiver for any aircraft, 
from helicopter to supersonic 
jets. The only TACAN 
transceiver with the 
reliability and flexibility of 
solid state design. 50% less 
power required and 50% 
lighter than existing 
equipment. 


3. An air-to-ground 
Automatic Binary Data 
Link... 


Economical: requires no 
special radio set, no 
high-speed printer. 


Compatible: Simultaneous 
voice and data transmission 
by multiplexing on 
any voice channel. 
Data output feeds 
any standard 
teletypewriter. 


Brochures on 
request. 


on the free surface of the liquid under certain 
conditions of rotation and heating. This jet 
stream meanders around the annulus in a regu- 
lar wave-like pattern alternately approaching 
the outer and inner cylindrical boundaries. 
An analytical theory is presented for this jet, 
or Rossby regime, in which exact solutions are 
given for certain fundamental nonlinear partial 
differential equations. 

On the Stability of a Spinning Top Containing 
Liquid. K. Stewartson. Appendix, G. N. 
Ward. J. Fluid Mech., May, 1959, pp. 577- 
592. Study of the stability of a heavy top, 
containing a cylindrical cavity partly full of 
liquid, for small displacements from the sleeping 
position, 


A Pulsating Sphere in a Rotating Fluid. Alar 
Toomre. J. luid Mech., May, 1959, pp. 
571-576. Analysis of a pulsating sphere which 
performs a sequence of virtually impulsive changes 
in its radius with time, and is completely sur- 
rounded by an inv iscid, incompressible fluid 
whose velocity field is generally rotational. It is 
shown how to relate, by means of Helmholtz’s 
theorem, the corresponding vorticity and velocity 
fields immediately before and after such expan- 
sions or contractions. 


O Metode Kharakteristik v Teorii Dvizheniia 
Mnogokomponentnoi Sredy. Ia. Z. Kleiman. 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 391- 
394. In Russian. ‘Analysis of the method of 
characteristics in the theory of motion of multi- 
component media. The study is limited to plane, 
cylindrical, and spherical waves. 


Predstavienie Resheniia Zadachi o Tochech- 
nom Vzryve v Gaze v Osobykh Sluchaiaich. 
V. P. Korobeinikov and E. V. Riazanov. Prikl. 
Mat. i Mekh., Mar.-Apr., 1959, pp. 384-387. In 
Russian. Formulation of, and derivation of an 
exact solution for, the problem of a strong point 
explosion in a gas, covering specific cases. 


Pul’siruiushchaia i Spinovaia Detonatsiia Gazo- 
vykh Smesei v Trubakh. Iu. N. Denisov and Ia. 
K. Troshin. AN SSSR Dokl., Mar. 1, 1959, 
pp. 110-113. In Russian. Experimental in- 
vestigation covering the structure of detonation 
waves generated in gas mixtures. The test ap- 
paratus and visualization methods are described 
in detail. 


On the Equations of Motion of a Rarefied Gas. 
M. N. Kogan. (Prikl. Mat. i Mekh., July- 
Aug., 1958, pp. 425-482.) PMM Appl. Math. 
& Mech., No. 4, 1958, pp. 597-607. Transla- 
tion. Simplification of Boltzmann’s equation for 
calculating the distribution function of a slightly 
rarefied gas. 


On Turbulent Supersonic Diabatic Wakes. 
R. H. Page. S J., June, 1959, pp. 443-445. 
Application of charts developed by Korst and 
Chow to the calculation of the base pressure 
ratio for a diabatic wake, and presentation of 
typical results. 


The Dispersion of Marked Fluid in Turbulent 
Shear Flow. J. W. Elder. J. Fluid Mech., 
May, 1959, pp. 544-560. 14 refs. Extension 
of an analysis used by Taylor and based on the 
Reynolds analogy to describe the diffusion of 
marked fluid in the turbulent flow in an open 
channel. 


K Teorii Turbulentnosti. 
A. S. Monin. AN SR Dokl., Mar. 21, 1959, 
pp. 515-518. In Presentation of a new 
approach to the theory of locally isotropic turbu- 
lence which allows a more accurate representation 
of known solutions, as well as a derivation of new 
results. 


Vorticity Effect on the Stagnation Point Flow of 
a Viscous Incompressible Fluid. Nicholas 
Rott and Michael Lenard. J. Aero/Space Sci., 
Aug., 1959, pp. 542, 543. AFOSR-supported 
analytical determination of the vorticity effect. 


Vorticity Interaction at an Axisymmetric 
Stagnation Point in a Viscous Incompressible 
Fluid. N. H. Kemp. J. Aero/Space Sci., Aug., 
1959, pp. 542, 543. USAF-supported presenta- 
tion of an exact solution of the incompressible 
Navier-Stokes equations at an axisymmetric 
stagnation point with vorticity in the oncoming 
flow which varies linearly with distance from the 
axis. 


Vikhrevoi Sled pri Obtekanii ee 
sia Tsilindrov. L. P. Smirnov and 
Pavlikhina. (Stud. Cerc. Mec. Apblic., No. * 
1958.) Rev. Méc. Appl., No. 4, 1958, pp. 455— 
462. In Russian. Experimental investigation 
of the structure of flow in the wake of a circular 
cylinder. The method and equipment used in 
the study are described in detail. 


Ustanovivshiesia Reliativistskie Techeniia Gaza 
s Osevoi Simmetriei (Vikhrevoi Sluchai). A. 
Arynov. AN SSSR Dokl., Mar. 21, 1959, pp. 
512-514. In Russian. Calculation’ of steady 
relativistic gas flows with axial symmetry—i.e., 
the vortex case. 


Internal Flow 


Zur Stabilitit der Couette-Strémung. F. 
Schultz-Grunow. ZAMM, Mar.-Apr., 1959, 
pp. 101-110. 11 refs. In German. Analysis 
indicating the possibility of obtaining an exact 
solution to the problem of stability in the case of 
Couette flow. 


Etude des Pertes dans un Compresseur Cen- 
trifuge & Grande Vitesse de Rotation. J. le 
Manach and J. Paulon. La Recherche Aéronau- 
tigue, Mar.-Apr., 1959, pp. 15-19. In French. 
Extension of a semiempirical method to the study 
of losses in a high-speed centrifugal compressor 
covering transonic and operation. 


Istechenie Zhidkosti iz hno Dlinnogo 
Osesimmetrichnogo Sosuda. Dzh. Salamatov. 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 361- 
369. In Russian. Derivation of an integral 
differential equation, solved by means of suc- 
cessive approximations, for calculating the flow 
of a liquid from an infinite axisymmetrical duct. 


O Razvitii Techeniia Soeees i Teploprovod- 
nogo Gaza v Trube. N. A. Slezkin. Prikl. 
Mat. i Mekh., Mar.- Apr., 1950, pp. 333-346. 
11 refs. In Russian. Study of the growth of 
viscous and heat-conducting flow in a duct. 
Includes survey of previously derived theories 
and presentation of results for various theoretical 
and practical cases. 

Stationdre Laminarstrémungen durch Kanile 
von Rechtecksquerschnitt bei konstantem Druck 
oder statischer Druckverteilung. Karl Karas. 
ZAMM, Mar.-Apr., 1959, pp. 146-160. In 
German. Study of steady laminar flows in 
channels of rectangular cross section in the case 
of constant pressure or static pressure distribution, 
represented in the form of the membrane bending 
problem, 


On Flows in the Region of the Transition Sur- 
face. O. S. Ryzhov. (Prikl. Mat. i Mekh., 
July-Aug., 1958, pp. 433-443.) PMM—Appl. 
Math. & Mech., No. 4, 1958, pp. 608-621. Trans- 
lation. Investigation of flowin Laval nozzles by 
the method of Falkovich. 


Compressible Non-Isoenergetic Two-Dimen- 
sional Turbulent (Pr; = 1)Jet Mixing at Con- 
stant Pressure; Auxiliary Integrals, Heat Trans- 
fer and Friction Coefficients for Fully 7 
ee a Profiles. H.H. Korst and W. L. Chow. 

. ‘Ill. Eng. Exp. Sta. 2 
ULFOSR TR 59-20) [AD 211328], Jan., 1959. 12 
pp. $10.50. Presentation of friction coeffi- 
cients and Stanton Numbers to facilitate the 
treatment of jet slipstream interaction (base 
pressure and base temperature problem). 


Jet Flaps & Wings 


Uber die Lésung des  verallgemeinerten 
Prandtischen Problems. N. N. Patraulea. 
(Stud. Cerc. Mec. Aplic., No. 3, 1958.) Rev. Méc. 
Appl., No. 4, 1958, pp. 405-416. 11 refs. In 
German. Derivation of a solution for the gener- 
alized Prandtl problem reduced to the solution of 
a Fredholm integral equation. 


Stability & Control 


On the Motion of an Airplane on a Given Tra- 
jectory. N. Tipei and C. Guta. (Stud. Cerc. 
Mec. Aplic., No. 4, 1958.) Rev. Méc. Appl., 
No. 4, 1958, pp. 393-403. Development of a 
method to determine the motion of an aircraft 
covering four types of trajectories. 


Wings & Airfoils 


On the Application of the Ursell-Ward Theo- 
rem to Wings with Edge Forces. F. H. Clarke. 
J. Aero/Space Sci., Aug., 1959, pp. 535, 536. 
AFOSR-supported ‘analysis showing explicitly 
how the Ursell-Ward reverse flow theorem must 
sometimes be modified to account for edge forces 
on wings. 

Thin Airfoil Theory Based on Approximate 
Solution of the Transonic Flow Equation. J. R. 
Spreiter and A. Y. Alksne. U.S.. NACA 
Rep. 1359, 1958. 37 pp. 5l refs. Supt. of Doc., 
Wash., $0.40. Description of a method for the 
approximate solution of the nonlinear equations 
of transonic small disturbance theory, and appli- 
cation to subsonic and supersonic flows. Results 
obtained are shown to correspond closely to 
existing solutions and experimental data for a 
wide variety of airfoils. 

Theoretical and Experimental Analysis of a 
Cowling as a Means of a Drag Reduction for an 
Axisymmetric Center Body. Marian Visich, 
Jr., and Anthony Martellucci. ARS J., June, 
1959, pp. 447-449. AFOSR-supported research. 


Basic Pressure Measurements at Transonic 
Speeds on a Thin 45° Sweptback Highly Tapered 
Wing with Systematic Spanwise Twist aria- 
tions; Wing with Cubic Spanwise Twist Varia- 
tion. J. P. Mugler, Jr. SA Memo. 
5-12-59L, June, 1959. 148 pp. Presentation of 
results for a wing with a cubic spanwise twist 
variation from 0° near the root to 6° at the tip. 
The tests were made at stagnation pressures of 
1.0 and 0.5 atm., Mach Numbers from 0.800 
to 1.200, and angles of attack from -4° to 20°. 


Etude des Ailes Triangulaires Minces a 
Symétrie Forcée dans un Courant Supersonique. 
Elie Carafoli and Adriana WNastase. (Stud. 
Cerc. Mec. Aplic., No. 4, 1958.) Rev. Méc. Appl., 
No. 4, 1958, pp. 373-391. In French. Study of 
thin triangular wings of forced symmetry in 
supersonic flow. 

Some Simple Conical Camber Shapes to 
Produce Low Lift-Dependent Drag on a Slender 
Delta Wing. G. Brebner. Gt. Brit., ARC 
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Jack Lower, Chief of Gyro Design 
Honeywell Aeronautical Division 


oe I need creative engineers for 
advanced gyro and 
electrical components design ee 


*‘Way back in 1949, my team at Honeywell developed and flight tested 
the floated gyro for control systems. Since then we have become the 
focal point for a multi-million dollar component development program, 
supporting the inertial navigation industry. This is, perhaps, the most 
advanced program of its kind. It has expanded rapidly and is now in 
need of additional top level engineers. 

“The men I need to work with me are creative men—able to 
develop advanced concepts for gyros and to follow through on their 
projects. The work includes all areas of gyro design. It involves pre- 
cision gyro and accelerometer design, hydro-dynamic bearings, vibratory 
mechanisms, precision electric suspension techniques, gyro magnetics, 
and ferro-electric motors. 

“The people I want have a minimum of two years’ (and up to 
twenty years’) experience in such areas as precision gyro mechanics, 
servo techniques, digital data handling, electronics packaging, advanced 
instrumentation, or magnetic component design. 

“If you are such a person, I’d like to hear from you. Just drop 
a line to my technical director, Mr. Bruce D. Wood, including perti- 
nent information on your background, interests, and accomplishments. 
He'll arrange a meeting—to answer your questions—to discuss your 
plans and the possibility of a career with Honeywell.” 

Write: Bruce D. Wood, Technical Director, Dept. 848B. 


Honeywell 


AERONAUTICAL DIVISION 


1433 Stinson Bivd., N. E., Minneapolis 13, Minn. 
Fine opportunities also exist in other Honeywell development and manufacturing 
facilities in Boston, Philadelphia, Los Angeles, Minneapolis, Seattle, St. Peters- 
burg, Chicago and Freeport, Illinois and Denver. Send resumé to H. T. Eckstrom, 
Dept. 848 B, Director of Employment, Minneapolis Honeywell, Minneapolis 8. 
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CP 428 (Sept., 1957) 1959. 26 pp. BIS, New 
York, $0.72. 

An Investigation of a Low-Drag Auxiliary 
Body Utilizing Favorable Interference. An- 
thony Martellucci. (Polytech. Inst.  Bklyn., 
Dept. Aero. Eng. & Appl. Mech., PIBAL Rep 
432, Dec., 1957.) J. Aero/Space Sci., Aug 
1959, pp. 538-540. 


Aeroelasticity 


Note on Material and Structural Damping. 
P. B. Walker. (Gt. Brit., Rep. A.D. 
3079, Nov., 1936.) Gt. Brit., RAE Rep. Struc. 
243, Nov., 1958. 10 pp. Survey and analysis 
of existing data on material damping, and con 
sideration of the overall damping of a complex 
structure, such as a monoplane wing. 


O Vliianii Vneshnego i Vnutrennego Treniia 
na Dinamicheskuiu Ustoichivost’ Sterzhnei. 
K. R. Kovalenko. Priki. Mat. i Mekh., Mar.- 
Apr., 1959, pp. 239-248. 16 refs. In Russian. 
Study of the effect of external and internal 
friction on the dynamic stability of bars. The 
process of calculation is described in detail, and 
the case of a prismatic rod with hinged end sup- 
ports is used as an illustrative example. 


Incompressible Flutter Characteristics of 
Representative Aircraft Wings. C. H. Wilts. 
U.S., NACA Rep. 1390, 1958. 38 pp. 11 refs. 
Supt. of Doc., Wash., $0.40. Presentation of the 
results of a detailed study of the flutter character- 
istics of four aircraft wings. Eight important 
parameters of each wing were varied and the 
effects of mass, inertia, pitching spring, and loca- 
tion of a concentrated mass were investigated 
for all four wings and several sweepback angles. 


The Response of an Airplane to Random 
Atmospheric Disturbances. F. W. Diederich. 

.S., NACA Rep. 1345, 1958. 36 pp. 18 refs. 
Supt. of Doc., Wash., $0.35. Extension of the 
statistical approach to the gust-load problem by 
considering the effect of lateral variation of the 
instantaneous gust intensity on the aerodynamic 
forces. 

Airplane Measurements of Atmospheric Tur- 
bulence at Altitudes Between 20,000 and 55,000 
Feet for Four Geographic Areas. T. L. Cole- 
man and M. T. Meadows. U.S., NASA Memo. 
4-17-59L, June, 1959. 21 pp. Presentation of 
data indicating that at higher altitudes (40,000 
to 55,000 ft.) turbulence is both less frequent and 
less severe than at the lower altitudes (20,000 
to 40,000 ft.) 

Atmospheric Turbulence Encountered by 
Bristol Freighter Aircraft in United Kingdom, 
West Africa and New Zealand. J. R. Heath- 
Smith. Gt. Brit. ARC CP 429 (Oct., 1958) 
1959. 22 pp. BIS, New York, $0.63. 

The Fundamental Nature of Shock and Vi- 
bration. Irwin Vigness. Elec. Mfg., June, 1959, 
pp. 89-108. 38 refs. Review of theory, char- 
acter and mechanism of damage, and principles 
of testing. A discussion is presented on current 
vibration specifications and construction con- 
siderations. 

Normal Vibrations of a Uniform Piate Carrying 
Any Number of Finite Masses. W. F. Stokey 
and C. F. Zorowski. (ASME Annual Meeting, 
New York, Nov. 30-Dec. 5, 1958, Paper 58-A-28.) 
ASME Trans., Ser. E- AM, June, 1959, pp 
210-216. Presentation of a general method for 
determining approximately the natural frequencies 
of the normal vibrations of a p!ate and application 
to a simply supported plate carrying two masses. 
Also included are results of experimentally 
measured frequencies for this configuration and 
several additional cases, along with the frequencies 
computed using this method for comparison. 


Vibrations of Thin Plane Wings in Tandem in 
Plane Incompressible Flow. M. D. Khaskind. 
(Prikl. Mat. i Mekh., July-Aug., 1958, pp. 
465-472.) PMM—Appl. Math. & Mech., No. 
4, 1958, pp. 649-658. Translation. Derivation 
of a solution obtained by breaking the problem 
down into two simpler ones. One of these prob- 
lems is nonhomogeneous and represents non- 
circulatory flow past a system of wings, while the 
second is a homogeneous problem which can be 
solved by means of functional combinations con- 
taining several constants. 


Thickness-Shear Vibrations of Circular Bars. 
J. H. Baltrukonis and W. G. Gottenberg. ASA 
J., June, 1959, pp. 734-739. 17 refs. Deriva- 
tion of exact general solutions of the three- 
dimensional elasticity equations of motion in 
polar cylindrical coordinates for axisymmetric 
and antisymmetric thickness-shear vibrations, 
and application to solid and hollow circular bar 
problems. Natural frequencies are tabulated. 

Predicting Critical Speeds. L. L. Salter. 
Mach. Des., June 25, 1959, pp. 121-127. Presen- 
tation of an approach to the problem of calcu- 
lating critical speed in rotor and support sys 
tems. 


Aeronautics, General 


Special Issue: Luftfahrttechnik. VDJ Zeit- 
schrift, Apr. 11, 1959, pp. 433-451. 330 refs. 
In German. Contents: Aerodynamik, F. W. 
Riegels. Hubschrauber, Walter Just. Unbe- 
mannte Flugkérper, R. H. Reichel. Triebwerks- 
anlagen, Otto Lutz. Raketenantriebe, R. 
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SPACE-AGE projects are expanding at Boeing. Above 
is human factors laboratory in which problems of pro- 
viding environments and controls for space vehicle 
crews are investigated. Celestial mechanics, lunar orbital 
systems and interplanetary systems are other areas 
that offer long-range space-age career opportunities to 
qualified engineers and scientists. 


BLAST-OFF of supersonic Boeing BOMARC, the nation’s long- BOEING-DEVELOPED electronic counter-meas- 
est-range defense missile. Now in volume production for Air Force ures simulator, part of huge electronics installation. 
bases under construction. Other Boeing missile projects that offer Boeing research and development facilities are the 
engineers and scientists outstanding career opportunities include —_—‘ most extensive in industry. They could help you get 
Minuteman, an advanced solid-propellant intercontinental bal- ahead faster. Look into Boeing opportunities available 
listic missile system. now, in Research, Design, Production and Service. 


Write today, for your free copy of 
24-page booklet, “Environment fo. 
Dynamic Career Growth.” It pictures 
the career areas and advantages that 
could assure you a brighter future. 


Mr. Stanley M. Little, 

| Boeing Airplane Company, 

| P. O. Box 3822-AED, Seattle 24, Washington. 

; _ Send me the Boeing career booklet by return mail. 

[> 
SAILBOATS on Lake Washington in Seattle, boating capital of Degree(s). 
the U.S. Boeing headquarters are located in evergreen Puget Sound | r by No 
area, world famous for fresh and salt water boating, fishing, hunt- | Experience << & OG 
ing, camping, scenic forests, dramatic snow-capped mountains, mild | “Lge a 
year-round climate. Wonderful Western living for the whole family! 
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Reichel. Festigkeits- und Werkstoff-Fragen bei 
Flugkérpern, W. Thielemann. Flugregelungen 
und Fernlenkung, Gerald Klein. Flugsicherung, 
Oskar Heer. Survey of the literature covering 
such topics as aerodynamics, helicopters, mis- 
siles, propulsion units, structural materials, 
guidance and control systems, and traffic control. 


Special Issue: Guide to the Paris Air Show. 
Interavia, June, 1959, pp. 623-678. Partial 
Contents: A Searching Look at the French 
Aircraft Industry, George Février. Tour de 
France Aéronautique, E. Baur. The French 
Electronics Industry, L. M. Chassin. Long- 
Term Programmes for the French Industry: 
1950 and 1959, P. M. Gallois. The New 
World’s Visiting Card. The United King- 
dom in Paris, Derek Wood. An ABC of the 
European Exhibitors. 


Air Transportation 


DC-3 Economics vs. Jet Age Realities. P. W. 
Cherington. Air Line Pilot, May, 1959, pp. 
4-7. Discussion of four basic airline problems: 
(1) marketing, (2) scope of the service, (3) eco- 
nomics of size, and (4) financial and human re- 
sources. 


Airplanes 


Le Probléme de la Fatigue du ‘‘Bloch 161.’’ 
M. Delisée. Tech. & Sct. Aéronautiques, Dec., 
1958, pp. 285-288. In French. Description of 
studies made to determine the fatigue life of 
various components of the Bloch 161 transport 
aircraft. 


Control Systems, Automatic Pilots 


Sampled-Data Techniques Applied to a Digital 
Controller for an Altitude Autopilot. Appendix 
A-—Simulation of the Sampled-Data System. 
~ oe B—An Electronic Sample-Hold Cir- 
cuit. S. F. Schmidt and E. V. Harper. U.S., 
NASA Memo. 4-14-59A, June, 1959. 71 pp. 
Study showing that (a) considerations of the 
sensitivity of the response to parameter variations 
and abruptness of response to transient inputs 
preclude the use of finite settling time design, 
and (b) continuous sytem design concepts can 
be used to select the dominant poles of the closed- 
loop pulse transfer function so as to achieve a 
desired transient response. Results of a study 
of the design for a fourth-order plant are pre- 
sented for the case where the plant is taken as an 
aircraft and the system as the control of the air- 
craft altitude. 


Vliianie Nekotorykh Tipichnykh Nelineino- 
stei na Nastroiku Avtopilota. M. E. Salukvadze. 
Avtom. i Telemekh., May, 1959, pp. 553-563. 
In Russian. Study of the effect of certain typical 
honlinearities on the automatic pilot adjustment. 
Such aspects as the limitation of the aileron 
deflection angle, the longitudinal stability of the 
aircraft, and the general conditions for stability 
limits are covered. 


Primenenie Integral’noi Kvadratichnoi Otsenki 
dlia Opredeleniia Parametrov Avtopilota so 
Skorostnoi Obratnoi Sviaz’iu. V. D. Matytsin 
and V. : Riapolov. Aviom. i Telemekh., 
Apr., 1959, pp. 415-421. In Russian. Deriva- 
tion of formulas for determining the optimum 
parameters of an automatic pilot with rate 
feedback, taking into account the aerodynamic 
characteristics of the aircraft and flight conditions. 


Dinamika Vibratsionnogo Servomekhanizma 
Elektricheskogo Avtopilota. I. N. Krutova 
Avtom. i Telemekh., Feb., 1959, pp. 115-126. In 
Russian. Study covering the dynamics of 
vibrating servomechanisms in an automatic 
pilot. Simplifying assumptions introduced into 
the mathematical representation of processes 
occurring in the servomechanism are stated. 


Description 

Le Max Holste ‘‘Super-Broussard.’’ 1’ Air, 
Apr., 1959, pp. 17, 18. In French. Brief sur- 
vey of the development of the M.H. 260 trans- 
port aircraft, including details of the design, 
power plants, and performance. 


Thunderchief ‘‘The Most Powerful One-Man 
Airplane in the World.’’ Flight, June 12, 1959, 
pp. 799-802, cutaway drawing. Design and 
structural characteristics of the Republic F-105 
aircraft. 


Die Bounder—Der erste Atombomber der Welt. 
Der Flieger, May, 1959. pp. 116-118. In German. 
Discussion covering the available data on the 
Soviet nuclear bomber ‘“Bounder,”’ including such 
aspects as the fuselage design, lifting surfaces, 
control systems, and propulsion system. 


Jakovlew Jak-42 ‘‘Backfin’’; Der neue sowje- 
tische Uberschallbomber fiir taktischen und stra- 
tegischen Einsatz. Der Flieger, May, 1959, 
154-156. In German. Presentation of data on 
the Sov iet supersonic bomber Yakovlev Yak-42 
“Backfin,”’ including details of the fuselage, 
lifting surfaces, propulsion system, and perform- 
ance. 


Voici le Griffon II de Aa Z. R. de Narbonne 
and Jacques Tiziou. Air Revue, Apr., 1959, pp. 
171-175. In French. Historical survey cover- 
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ing the development of the Griffon II supersonic 
fighter. 
Die Bestimmung der Flugzeugpolaren fiir 


Entwurfszwecke. Il—Anwendung. Dietrich 
Fiecke. Nordrhein-Westfalen, Wirtsch. & Verkehrs- 
min., Tech. & Volkswirtsch. Bericht No. 44, 


1958. 64 pp. In German. Presentation of 
tables for the calculation of aircraft polars and 
derivation of formulas covering the horizontal 
flight and take-off and landing conditions. 
The applicability of the method is illustrated on 
several examples and the calculated results are 
compared with experimental data. 


Landing Gear 


Die Fahrwerke der heutigen Flugzeuge. IV. 
E. Schumacher. (AFZ Lecture, Stutigart, July 1 
1958.) Luftfahrttechnik, Mar. 15, 1959, pp. 
89-92. In German. Further survey of landing 
gear designs, including the strength of various 
materials used, installations for impact testing 
retractable wundercarriages, and such _ special 
landing gear designs as skis, hydroskis, jettison- 
able bodies, and caterpillar tracks. 

Piloting 

Flight Experience with the 707. M. G. Beard. 
SAE J., June, 1959, pp. 74, 75. Discussion of 
such topics as the use of water injection on take 
off, the duties of the third pilot, taxiing time, 


pilot training problems, damage from slush, and 
charts for flight planning. 


Aviation & Space Medicine 


Operating Characteristics 
Binary Decisions and by Ratings. 
A. I. Schulman, and G. Z. Greenberg. ASA J., 
June, 1959, pp. 768-773. 12 refs. USAF-sup- 
ported description of two psychophysical experi- 
ments indicating the superiority of the rating 
method over the binary-decision procedure for 
determining operating characteristics. 


Vantaggi dell’Impiego della Stimolazione 
Luminosa Intermittente per 1’Attivazione dei 
Tracciati Elettroencefalografici nella Selezione 
Psicofisiologica del Personale Aeronavigante. 
Carlo Serra. Riv. Med. Aero. & Spaz., Jan.- 
Mar., 1959, pp. 44-68. 28 refs. In Italian. 
Evaluation of the advantages of an intermittent 
light-stimulation technique in the psycho-phys- 
iological selection of flying personnel. 

Viaggi Interstellari e Misura del Tempo. C. 
L. Musatti. Riv. Med. Aero. & Spaz., Jan.- 
Mar., 1959, pp. 3 16. In Italian. Analysis of 
a previously developed theory on the measurement 


Determined by 
J. P. Egan, 


of time and its effect on human bodies in inter- 


stellar flight. 


Sull’Utilita dell’Impiego dell’Acqua di Mare 
come Bevanda in Condizioni di Emergenza. 
D. G. Lalli and D. E. Franconi. Riv. Med. 
Aero. & Spaz., Jan.-Mar., 1959, pp. 113-147. 
38 refs. In Italian. Study of the problems 
associated with drinking sea water in emergency 
conditions. 

Liquid Diets for Use in High-Altitude, High 
Performance Vehicles. Beatrice Finkelstein and 
Bernice McGhee. USAF WADC TR _ 59-32 
[AD 209064], Mar., 1959. 20 pp. 


Synthesis and Perception of Nasal Consonants. 
Kazuo Nakata. ASA J., June, 1959, pp. 
661 666. 13 refs. USAF - Army - Navy - sup- 
ported research. 

Heat Protection for Space Crews. ee 
Carter. Space/Aeronautics, July, 1959, _ pp. 
61, 62, 64, 68-72 (ff.) Discussion of the basic 
theory of human heat balance. Effects of blood 
circulation and evaporative, radiative, convective 
cooling are discussed as they influence design 
problems of manned flight. Performance. limits 
are shown as set by hyperthermia and skin tem- 
perature limits. 

Human Tolerance to Rapidly Applied Accelera- 
tions: A Summary of the Literature. A. M. 
Eiband. U.S., NASA Memo. 5-19-59E, June, 
1959. 93 pp. 280 refs. 

Human Reactions During Flight to Accelera- 
tion Preceded by or Followed by Weightless- 
ness. H. J. Von Beckh. (9th Internatl. Astron. 
Congr., Amsterdam, Aug. 25-30, 1958.) Aerospace 
Med., June, 1959, pp. 391-409. 24 refs. De- 
scription of tests showing that alternation of 
weightlessness and acceleration results in a de- 
crease of acceleration tolerance and of the ef- 
ficiency of physiologic recovery mechanisms 
Previous experiments are summarized. 


Relation of Several Physiological Parameters 

4 Positive g Tolerance. J. P. Meehan and 

I. Jacobs. USAF WADC TR _ 58-665 
{iD 209387], Jan., 1959. 11 pp. 


Double-Walled Facepieces MA-1A Altitude 
Helmet. Appendix—Air Flow and Desiccant 
Efficiency. J. W. Weinberg. USAF WADC 
TR 58-643 [AD 212313], Mar., 1959. 56 pp. 
Discussion of the design and construction of a 
double-walled lens to prevent water vapor con- 
densation on the inner surface under conditions 
prevailing in flight at high altitudes. 

Optimum Filling of Liquid Oxygen Converters. 
Cc. A. Gibson. USAF WADC TR 58-522 [AD 
206910), Nov., 1958. 4 pp. 
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Environmental System for Mercury Capsule Is 


Simple, Rugged. Irwin Stambler. Space/ Acro- 
nautics, July, 1959, pp. 42-45. Description of 
the air conditioning and pressurization system for 
first U.S. manned satellite. The design of key 
components, including odor and CO: absorber, 
compressor unit, heat exchanger, and water 
separator is discussed. 


Comportamento dell’Acido Lattico Cerebrale 
nel Ratto Ucciso Mediante Anossia Anossica in 
Rapporto alla Velocita di Decompressione 
Barometrica. D. G. Lalli and D. G. Venditti. 
Riv. Med. Aero. & Spaz., Jan.-Mar., 1959, pp. 
69-76. 10 refs. In Italian. Results of tests 
performed on rats to determine the effect of de- 
compression. 


Measurement of Stress and Fatigue in Flight 
Crews During Confinement. J. A. Kraft. 
(Aero Med. Assoc. 29th Annual Meeting, Wash., 
Mar. 25, 1958.) Aerospace Med., June, 1959! 
pp. 424-430. USAF-supported discussion of 
problem areas which must be explored and de- 
scription of an elaborate facility for conducting a 
variety of human factors experiments. 


La Frequenza Critica di Fusione come Test di 
Fatiga Seeenmenste negli Equipaggi del Soc- 
corso Aero. Galatioto. Riv. Med. Aero. & 
Spaz., Jan.-Mar., 1959, pp. 148-162. In Italian. 
Survey of statistical data and description of criti- 
cal fusion frequency tests to determine the opera- 
tional fatigue air of rescue crews. 


Effetto di un Lavoro Muscolare Protratto sino 
alla Fatiga sul Comportamento del Riflesso Ro- 
tuleo nell’Uomo. D. E. Sepe. Riv. Med. 
Aero. & Spaz., Jan.-Mar., 1959, pp. 104-112, 
13 refs. In Italian Description of a device 
designed to study the behavior of human sub- 
jects under the effect of fatigue. 


Tonotopic Organization of the Cat Satin 
Cortex for Some Complex Stimuli. N. Y-S. 
Kiang and M. H. Goldstein, Jr. ASA J., pi. 
1959, pp. 786-790. 19 refs. USAF-Army- 
Navy-supported research. 

Alguni Effetti dell’Esposizione dell’Uomo ai 
Rumori ed alle Vibrazioni di Motori a Turbo- 
Propulsione. I-—Effetti Acustici e non Acus- 
tici. R. Caporale. Riv. Med. Aero. & Spaz., 
Jan.-Mar., 1959, pp. 17-48. 31 refs. In Italian. 
Results of investigations on the human reactions 
to noise and vibration generated by turbojet 
engines. 

Spontaneous Pneumothorax in Flight. J. J. 
Zarriello and J. . Acker. Aerospace Med., 
June, 1959, pp. 418-423. 26 refs. Presenta- 
tion of a case history of spontaneous pneumo- 
thorax associated with aircraft flight and dis- 
cussion of its causes, occurrence, symptoms, and 
treatment. 

Sul Comportamento del Riflesso Oculo-Car- 
nel Cane a Livello del Mare e in Anossia. 

Rizzo and N. Cinquemani. Riv. Med 
he, ae, Jan.-Mar., 1959, pp. 77-103. 28 
refs. In Italian. Description of tests to de- 
termine the behavior of the oculocardiac reflex 
of dogs at sea level and during hypoxia. 


Aspects of Pilot Deis Making. A. C. 
Williams, Jr., and O. Hopkins. ‘ 
WADC TR 58-522 [AD 209382), Dec., 1958. 
50 pp. 106refs. Analysis of tasks performed by 
the pilot of a modern airborne weapon system. 
The results were coded and presented in diagram- 
matic form to show alternative causes of action 
that may result in successful completion of a 
mission phase. 

Psychological Variables in the Design of Flight 
Simulators for Training. Appendix—The Evi- 
dence for Intentional Deviations from Maximum 
Fidelity. F. A. Muckler, J. E. Nygaard, L. I 
O’Kelley, and A. C. Williams, Jr. USAF WADC 
Hs — [AD 97130], Jan., 1959. 132 pp. 
158 refs. 


Implications of Space Radiations in Manned 
Space Flights. W. H. Langham. (JAS 27th 
Annual Meeting, New York, Jan. 27, 1959.) 
Aerospace Med., June, 1959, pp. 410-417. 25 
refs. Discussion of the acute, delayed, and 
chronic radiation effects; includes the effects of 
densely ionizing heavy primary cosmic rays and 
the van Allen radiation. 

Izmerenie Estestvennoi Radioaktivnosti v 
Organakh Cheloveka. L. Shakhidzhanian, 
D. G. Fleishman, V. V. Glazunov, V. G. Leont’ev, 
and V. P. Nesterov. AN SSSR Dokl., Mar. 1, 
1959, pp. 208, 209. In Russian. Description of 
measurements of the natural radioactivity in 
human organism. 


Vliianie Khronicheskogo Gamma-Oblucheniia 
na Krov’ Myshei. E. N. Kopylova. AN SSSR 
Dokl., Feb. 1, 1959, pp. 930-932. 15 refs. 
In Russian. Description of tests made to de- 
termine the effect of chronic gamma-radiation op 
animal blood. 


Biophysical Feedback for Space Systems. R 
H. + Auto. Control, June, 1959, pp. 
14-2 Examination of the biophysical instru- 
cnemahen in building a precise automatically 
controlled artificial environment package around 
man. This biophysical feedback provides also 4 
means for safety monitcring the man-in-space. 

Effects of Scale Shape, Exposure Time, and 
Displa: Complexity on Scale Read- 
Efficienc H. Elkin. USAF WADC 


TR 58-472 lap’ 209381], Feb., 1959. 15 pp. 
13 refs. 
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Luminance and ‘‘Expectancy’’ as Determinants 
of Response Time to a Light rh _ J: M. 
Vanderplas, Anthony Debons, and C. Cran- 


nell. USAF WADC TN 58-292 [AD 093001, 
Jan., 1959. 12 pp. 

Runway Light Range as a Subjective Measure- 
ment. A. C. Best. Meteorological Mag., June, 
1959, pp. 161-170. Analysis of data obtained 
from personal calibrations using a Gold visibility 
meter for application in the assessment of the 
variation in visual acuity of the human eye. 
Differences between two calculations of runway 
light range are given in terms of the standard 
deviation of visual acuity. 


Human Engineering 


The Human Operator as a Servo System Ele- 
ment. II. D. T. McRuer and E. S. Krendel. 
Franklin Inst. J., June, 1959, pp. 511-536. 
USAF-supported summary of presently available 
human dynamic response data gathered from 
experiments directly involving the measurement 
of human describing functions from tracking 
systems which display the error alone. Approxi- 
mate mathematical models evolved to fit the 
data are presented. 


A Comparison of Two Methods of Controller 
Training in Simulated Air Traffic Control 
Task; A Study in Human Engineering As- 
pects of Radar Air Traffic Control. J S. Kidd. 
USAF WADC TR 58-449 [AD 212269], Jan., 
1959. 21 pp. 16 refs. 

Evaluation of Decision Making Performance ~ 
Three Pictorial Navigation Displays. M. 
Narva. USAF WADC TR 58-49 [AD 1423291, 
Nov., 1958. 43 pp. 16 refs. 


A Positive Approach to Man’s Role in Space. 
D. T. MecRuer, I. L. Ashkenas, and E. S. Kren- 
del. Aero/Space Engrg., Aug., 1959, pp. 30-36. 
Discussion emphasizing the reliability improve- 
ment afforded by man’s ability at failure de- 
tection, replacement, and repair. Other capa- 
bilities discussed include man’s ability to control 
and to actuate, to organize data and to make 
decisions, and the ability to observe and remem- 
ber. The negative factors of respiration, food, 
environment, and social factors are also discussed ; 
several suggestions are made for investigation of 
possible behavior problems. 


Chemistry 


An X-Ray Investigation of the Nickel-Boron 
System; The Crystal Structures of Orthorhom- 
bic and Monoclinic NisBs. Stig Rundqvist. 
Uppsala U. Inst. Chem. TN 6 (AFOSR TN 59- 
415) [AD 214562), 1959. 25 pp. 16 refs. 

Heat of Formation of Boron Trichloride. W. 
H. Johnson, R. G. ae and E. J. Prosen. J. 
Res., May, 1959, pp. 213-217. 25 refs. Deter- 
mination of the heat of formation by the direct 
reaction of gaseous chlorine with amorphous boron 
in acalorimeter. The heat of hydrolysis of boron 
trichloride and the heats of reaction of diborane 
and pentaborane with chlorine are obtained, and 
the average bond energy of the B-Cl bond in 
— trichloride is found to be 105.2 keal at 

K. 


The Cracking of Methane in a Tubular Reactor. 
I—Effect of the Surface/Volume Ratio. J. E. 
Germain and C. Vaniscotte. (Soc. Chim. de 
France Bul., 1957, pp. 692-695.) Gt. Brit., 
pe Lib. Transl. 809, Mar., 1959. 10 pp. 
4 refs. 


The Cracking of Methane in a Tubular Reactor. 
II—Dilution Effects. : Germain and C. 
Vaniscotte. (Soc. Chim. de France Bul., 1958, 
pp. 319—323.) Gt. Brit., RAE Lib. Transl. 
810, Mar., 1959. 11 pp. 10 refs. 


Low-Field Mobilities of the Negative Ions in 

ead Sulfur Hexafluoride, Sulfur Dioxide, 

Chloride. E. W. McDaniel and 

C. McDowell. GIT Eng. Exp. Sta. TR 

(AFOSR TN 58-909){AD 204513], Nov. 15, 
1958. 39 pp. 48 refs. 


Computers 


Research on Automatic Computation Tech- 
niques and Components. : Becker, R. W. 
Clark, and M. S. Hail. USAF WADC TR 
{AD 206668), Dec., 1958. 162 pp. 61 
Tels 


Electronnye Vychislitel’nye Mashiny-Modeli 
s Programmnym Upravieniem. V. A. Los’. 
Aviom. i Telemekh., Apr., 1959, pp. 498-507. 
In Russian. Discussion of the basic principles 
for the design of programed electronic computers. 

Time Multiplexing as Applied to Analog Com- 
putation. Eugene Rawdin. JRE Trans., EC 
Ser., Mar., 1959, pp. 42-47. 


A High-Speed Analog to Digital Converter. 
Donald Savitt. JRE Trans., EC Ser., Mar., 1959, 
pp. 31-35. Development of an electronic voltage 
encoder which converts analog voltages to their 
corresponding parallel seven binary-digit repre- 
Sentations at a 50- ke. encoding rate. 


Performance Analysis of a Data Link System. 
A. B. Glenn. IRE Trans., CS Ser., May, 1959, 
pp. 14-24. Presentation of the modulation and 
detection characteristics of a time-division multi- 
plexed, digital radio link intended for ATC 
communications. 


Performance of Digital Phase-Modulation Com- 
munication Systems. Ch. R. Cahn. JRE 
Trans., CS Ser., May, 1959, pp. 3-6. Analysis of 
digital phase modulation systems in Gaussian 
noise and determination of required signal-to- 
noise ratio as a function of the number of discrete 
phases and the desired error rate, under conditions 
of no fading. 


Mapping System Uses Digital Printer. Paul 
Kintner. Instruments & Control Systems, June, 
1959, pp. 890, 891. Description of a digital 
readout and printer that determines the coordi- 
nates of points along the earth’s surface based on 
an aerial photograph. 


A Synthesis Technique for Minimal State 
Sequential Machines. Seymour Ginsburg. JRE 
Trans., EC Ser., Mar., 1959, pp. 13-24 


Simulation to Obtain a Systems Measure of 
an Air Duel Environment. A. A. B. Pritsker, 
R. C. Van Buskirk, and J. K. Wetherbee. JRE 
Trans., EC Ser., Mar., 1959, pp. 55-59. Descrip- 
tion of a simulation study for evaluating the 
effects of airborne electronic countermeasures 
upon a ground-based radar operator. 


Survey of the Field of Mechanical Translation 
of Languages. G. W. Reitwiesner and M. 
Weik. U.S., BRL Memo. Rep. 1147 (OTS PB 
151147, $1.75), May, 1958. 65 pp. 155 refs. 


Control Theory 


Automatic Control System Design. III— 
req: y Resp and Transfer Functions. 
Ira Ritow. Elec. Mfg., June, 1959, pp. 129- 
135. Derivation of the transfer function of a 
transducer from the frequency response function. 

Les Techniques Electriques Utilisées dans l’Au- 
tomatisme. Gérard Lehmann. Soc. Ingr. Civ. 
France, Mem., Nov.-Dec., 1958, pp. 503-505. In 
French. Evaluation of electric devices and tech- 
niques used in automatic control systems. 

Root-Locus Analysis of Structural seer) in 
Control Systems. R. H. Cannon, Jr. (A E 
Annual Meeting, New York, Nov. 30- Es 5, 
1958, Paper 58-A-65.) ASME Trans., Ser. 
E- AM, June, 1959, pp. 205-209. Investigation 
of the control coupling in a limber aircraft and 
the structural coupling in a platform stabilization 
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system using the root-locus technique which pro- 
vides a plot of system characteristics as explicit 
functions of control strength. The suitability 
of the technique is shown. 


Ob Absoliutnoi Ustoichivosti Nekotorykh 
Reguliruemykh Sistem. Iu.S. Sobolev. Aviom 
i Telemekh., Apr., 1959, pp. 401-405. In Rus- 
sian. Solution for a problem of absolute sta- 
bility of certain automatic control systems. 


Odnotaktnyi Magnitnyi Registr Sdviga. A. la. 
Artiukhin and V. Z. Khanin. Aviom. i Telemekh., 
Oct., 1958, pp. 977-987. In Russian. Analysis 


shift register applicable to automatic control 
systems and computer design. 


Ob Odnom Kriterii Ustoichivosti Nelineinykh 
Reguliruemykh Sistem. Chzhan Sy-In. Aviom. 
1 Telemekh., May, 1959, pp. 669-672. In Russian 
Determination of a stability criterion for nonlinear 
automatic control systems. 


Integral’naia Otsenka dlia Vybora Optimal’nykh 
Parametrov Sistem Avtomaticheskogo Reguliro- 
vaniia pri Zadannom Pereregulirovanii. 
Tupitsin. Aviom. i Telemekh., Apr., 1959, pp 
406-414. In Russian. Presentation of an 
integral criterion for the selection of optimum 
parameters in automatic control systems appli- 
cable to problems of statistical dynamics. 


Ob Odnoi Zadache Optimal’nogo Reguliro- 
vaniia Sistem. N. N. Krasovskii. 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 209- 
229. 12 In Russian. Study covering 
certain problems of existence, as well as necessary 
and sufficient conditions, of optimum trajectories 
for nonstationary systems with discontinuities. 
The calculation is based on the approach used in 
solving optimum control problems. 


Printsipy Postroeniia Beskontaktnykh Sistem 
Teleupravieniia s Eksponentsial’nymi Preobra- 
zovateliami. V. A. Il’in. Avtom. i Telemekh., 
Apr., 1959, pp. 468-472. In Russian. Presenta- 
tion of basic design principles for contactless 
control systems with exponential converters. 


Metodika Issledovaniia Ustoichivosti Sistem 
Avtomaticheskogo Regulirovaniia s Raspredelen- 
nymi Parametrami pri Uchete Poter’. Ia. 
B. Kadymov. Avtom. i Telemekh., Apr., 1959, 
pp. 525-527. In Russian. Development of a 
aethndl for studying the stability of automatic 
control systems with distributed parameters, 
taking into account the loss in the system. 


O Sushchestvovanii Tsikla vwne Uslovii Ab- 
soliutnoi Ustoichivosti Trekhmernoi Sistemy. 
B. V. Shirokorad. Aviom. i Telemekh., Oct., 

1958, pp. 953-967. 24 refs. In Russian. Anal- 
ysis covering the existence of a cycle beyond abso- 
lute stability conditions of a three-dimensional 
system. The physical interpretation of the sys- 
tem includes the case of automatic pilots. 


Opredelenie Periodicheskikh Rezhimov v 
Sistemakh Avtomaticheskogo Regulirovaniia, 
Soderzhashchikh Nelineinyi Element s Kusochno- 
Lineinoi Kharakteristikoi. L.A.Gusev. 
i Telemekh., Oct., 1958, pp. 931-944. In Russian. 
Development of a method to determine the peri- 
odic behavior of automatic control systems con- 
taining a nonlinear element with lumped-linear 
characteristic. 


Ob Ustranenii Vliianiia Zapazdyvaniia na 
Dinamiku Nelineinykh Impul’snykh Avtomati- 
—- Sistem. Ia. Z. Tsypkin. AN SSSR 
Dokil., Feb. 1, 1959, pp. 812-814. In Russian. 
Study covering the elimination of the lag effect 
on the dynamics of nonlinear feedback systems. 


Investigation of a Nonlinear Control System. 
Appendix A—Influence of Time Delays. Appen- 
dix B, C—Simulation of Second-Order Nonlinear 
Control System. Appendix D—Behavior of Out- 
put if Input and Input Derivative Are Simultane- 
ously Small. Appendix E—Approximating Curves. 
‘I. Fliigge-Lotz, C. F. Taylor, and H. E. Lindberg. 
U.S., NACA — 1391, 1958. 34 pp. Supt. of 
Doc., Wash., 


Algebraicheskii Metod Sinteza 
Releinykh Skhem. Ia. I. Mekler. Aviom. i 
Telemekh., Dec., 1958, pp. 1,129-1,144. In Rus- 
sian. Presentation of a simplified algebraic 
method of synthesis for relay circuits, and com- 
parison with previously developed methods. 


Issledovanie Periodicheskikh Dvizhenii, Voz- 
nikaiushchikh v Vibratsionnom Konture Elektri- 
cheskogo Servomekhanisma pri Postoiannykh 
Vozmushcheniiakh. I. N. Krutova. Avtom. i 
Telemekh., May, 1959, pp. 564-575. In Russian. 
Analysis of periodic motions occurring in the 
electric servomechanism vibration loops for the 
case of constant disturbances. 


Dinamika Vibratsionnogo Kontura Elektri- 
cheskogo Servomekhanizma v Rezhime Svobod- 
nykh Kolebanii. I. N. Krutova. Avtom. i Tele- 
mekh., Apr., 1959, pp. 422-436. In Russian. 
Study covering the dynamics of an electric 
servomechanism vibration loop under the con- 
ditions of free oscillation. 


O Slediashchikh Sistemakh, Sodérzhashchikh 
Dva Impul’snykh Elementa s ‘Neravnymi Perio- 
dami Povtoreniia. Fan’ Chun-Vui. Aviom. i 
Telemekh., Oct., 1958, pp. 917-930. In Russian. 
Derivation of equations and transfer functions 
for servosystems containing two pulse elements 
with unequal repetition periods. 


covering the operation of a single-core magnetic * 


Education & Training 


Task Classification: An Approach to Partially 
Ordering Information on Human Learning. T. 
E. Cotterman. USAF WADC TN _ 58-374 
{AD 210716], Jan., 1959. 15 pp. 


Spatial Abilities and Selected Elements of Air 
Force Technical Jobs. W. G. Warrington and 
J. L. Saupee USAF WADC TR 58-491 [AD 
207 336)\, Dec., 1958. 44 pp. 11 refs. 


An Assessment Study of Air Force Officers. 
III—Assessment Correlates of Criteria of Officer 
Effectiveness. Frank Barron, Jack Block, D. W. 
MacKinnon, and D. G. Woodworth. IV— 
Predictability of a Composite Criterion of Officer 
Effectiveness. H.G.Gough. V—Summary and 
Applications. dD. _W. art USAF 
WADC TR 58-91, Pts. 111, IV, {AD 210218; 
AD 210219; AD 210220), Dec., "be. 48; 72; 
53 pp. 54 refs, 

School and Job Validation of Selection eee 
ures for Air Traffic Control Training. L. 
Brokaw. USAF WADC TN 59-39 [AD 21488H), 
Apr., 1959. 14 pp. 


Training Evaluation of an Instrument Panel 
Homogeneous with ae ee to the Principle of 
the Moving Part. C. Houston and M. R. 
Green U. SAF W ADC TR 57-551 [AD 142241}, 
Nov., 1957. 59 pp. 31 refs. 


Electronics 


Special Issue: 1959-1960 Verified Directory & 
All-Reference Issue. Electronic Ind., June, 
1959. 346 pp. Extensive guide to products 
and manufacturers, including transistor speci- 
fications; semiconductor diode specifications; a 
survey of guided missiles; a directory of guided 
missile procurement; and a military procurement 
directory. 

Some Characteristics of a Magnetically Fo- 
cused Electron Beam. G.R. Brewer. J. Appl. 
Phys., July, 1959, pp. 1,022-1,038. 18 refs. 
Investigation of a solid cylindrical electron beam 
bound by a uniform magnetic field (Brillouin 
flow). 


Paraxial Formulation of the Equations of 
Electrostatic Space-Charge Flow. P. T. Kir- 
stein. J. Appl. Phys., July, 1959, pp. 967- 
975. 10 refs. USAF-sponsored research. 


Amplifiers 


Analysis of SSB Power Amplifiers. Fred 
Assadourian. (4th Natl. Aero-Commun. Sym- 
posium, Utica, Oct. 20, 1958.) IRE Trans., 
CS Ser., May, 1959, pp. 53-57. Investigation of 
power amplifier operation as class AB, class B, 
and class C considering distortion, power output, 
and plate dissipation. 

O Kharakteristike Upravieniia Magnitnykh 
Usilitelei, Rabotaiushchikh na Trekhfaznuiu Na- 
gruzku. A. L. Pisarev. Avtom. i Telemekh., 
May, 1959, pp. 622-636. In Russian. Evalua- 
tion of two circuits for three-phase magnetic 
amplifiers and analysis of their static operation. 


Ruby as a Maser Material. Chihiro Kikuchi, 
John Lambe, George Makhov, and R. W. Ter- 
hune. J. Appl. Phys., July, 1959, pp. 1,061- 
1,067. 28 refs. USAF-Army-supported discus- 
sion of the reasons for the initial choice of ruby as 
a maser material and presentation of some meas- 
urements of the parameters in the spin Hamilton- 
ian and of spin relaxation times. 


Designing High-Quality A-F Transistor Am- 
plifiers. Robert Minton. Electronics, June 12, 
1959, pp. 60, 61. Description of the design and 
operation of an amplifier using junction transis- 
tors to deliver 25 watts output power. Harmonic 
and intermodulation distortion are low and the 
frequency response is within +1 db. between 20 
and 25,000 cps. 

K Raschetu Tsepi Peremennogo Toka Dros- 
sel'nykh Magnitnykh Usilitelei s Vnutrennei 
Obratnoi Sviaz’iu. N. A. Kaluzhnikov. Avtom 
i Telemekh., May, 1959, pp. 606-621. In Rus- 
sian. Study covering the most characteristic cir- 
cuits of a.c. impedance-coupled magnetic am- 
plifiers with internal feedback. 


Antennas, Radomes 


The Influence of Gain and Current Attenuation 
on the Design of the Rhombic Antenna. 

Decker. IRE Trans., AP Ser., Apr., 1959, pp. 
188-196. 

Operational Characteristics of the TLM-18 
Automatic Tracking Telemetry Antenna. F. S. 
Coxe. IRE Trans., SET Ser., June, 1959, pp. 
87-91 

Antennas for Space Vehicles. M. G. Chate- 
lain. Astronautics, July, 1959, pp. 44, 45, 120, 
121. Presentation of new antenna concepts, 
such as the spherical equiangular spiral, for ex- 
tending space communication range. 


The Equiangular Spiral Antenna. J. D. Dyson. 
IRE Trans., AP Ser., Apr., 1959, pp. 181-187. 
Description of a circularly polarized broad-band 
antenna 


Asymmetrical Trough Waveguide Antennas. 
W. Rotman and A. A. Oliner. JRE Trans., AP 
Ser., Apr., 1959, pp. 153-162. 11 refs. De- 
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scription of two types of troughguide antennas 
for fixed beam systems. One of these is based on 
a continuously asymmetrical trough wave guide, 
while the other is a periodically asymmetric array 


Capacitors 
Characteristics of Solid piem Capacitors. 
Albert Elec. June, 1959, pp. 


74-77, 128. Presentation of ‘data representing 
statistical estimates of limits considered realistic 
for the products of various manufacturers. 
Data include results of environmental and life 
tests. 


Circuits & Components 


The General Method for Solving Magnetic 
Circuit and Non-Linear Electric Circuit of Direct 
Current However Complicate. Wang Shiang- 
Yawng. Acta Physica Sinica, Mar., 1959, pp 
— In Chinese, with summary in Eng- 
lish. 


Communications 


Comparison Testing of Modulation Modes for 
High-Frequency Ground-to-Air Voice Communi- 
cations. D. E. LeBrun and A. J. Uryniak. 
USAF RADC TR 59-55 [AD 213785], May, 
1959. 15 pp. Test results providing a compari- 
son between (1) single sideband suppressed car- 
rier (SSBSC); (2) double sideband amplitude 
modulated (DSB-AM); (3) double sideband sup- 
pressed carrier (DSBSC); and (4) pilot carrier or 
synchronous single sideband (SSSB). 


Are We Ready for Space Probe Data Trans- 
mission? W. F. Sampson. Space/ Aeronautics, 
July, 1959, pp. 124-127. Study of communica- 
tion problems involved in effective recovery of 
data from space probes. Ground receiver re- 
quirements are discussed, and the phase-lock 
technique of correlation detection is detailed. 


Communications of the Future. Frank Leary. 
Electronics, July 3, 1959, pp. 37-41. Discussion 
covering the primary objective of the IGY pro- 
gram and evaluation of data obtained in the 
field of communications. Atmosphere effects, 
solar energy, ionosphere effects, Faraday fading, 
auroras, Van Allen radiation, and cosmic noise 
are included in the discussion. 

Frequency Shifts Improve Pulse Communi- 
cations. J. L. Hollis. Electronics, June 19, 
1959, pp. 66-69. Discussion of a technique to 
overcome multipath problems in long-range pulse 
transmission. The transmitter and the receiver 
simultaneously shift frequency so that the re- 
ceiver is sensitive only to the transmission ar- 
riving by the shortest path. 

Performance Equations for a ‘‘Stationary’’ 


Passive Satellite Relay (22,000-Mile Altitude) 


for Communication. Morris Handelsman. ]RE 
Trans., CS Ser., May, 1959, pp. 31-37. 21 refs. 
Presentation of equations for a satellite used as a 
passive bounce point for almost hemispherical 
coverage of the earth for communication purposes. 
The antenna size and transmitter power for 
desired signal-to-noise ratio are given for various 
types of passively-reflecting satellites. 


Construction Techniques 


Protective Coatings for Missile Printed Cir- 
cuits. A. E. Hawley and W. E. Weber. Elec. 
Mfg., June, 1959, pp. 58-62. Discussion of the 
formulation and characteristics of several coat- 
ings specially developed for printed circuits. 
Epoxy and silicone types appear particularly 
advantageous. Test procedures are also detailed. 


Cooling 


Design Plan for Forced-Air Cooling. T. C. 
Reeves. Elec. Mfg., June, 1959, pp. 63-65, 73. 


Magnetic Devices 


Permanent Magnet Materials. R. J. Fabian. 
Materials in Des. Eng., July, 1959, pp. 108-114. 
Survey of the properties of magnet steels, alnicos, 
ceramics, and fine particle magnets. 

Izmerenie Shiriny Granichnogo Sloia Mezhdu 
Domenami v Ferromagnetikakh. L. V. Kirenskii 
and V. V. Veter. AN SSSR Dokl., Mar. 21, 
1959, pp. 526-529. In Russian. Description of 
measurements covering the width of the boundary 
layer between domains in ferromagnetics. 

Analiz Raboty Impul’snykh Magnitnykh Ele- 
mentov v Beskontaktnykh Ustroistvakh Tele- 
mekhaniki. I. V. Prangishvili. Aviom. i Tele- 
mekh., Apr., 1959, pp. 473-485. In Russian. 
Analysis of the operation of magnetic pulse ele- 
ments with rectangular hysteresis loop in contact- 
less control systems. 


Measurement & Testing 


Radio-Compass Testing with Small Shielded 
Enclosures. A. S. Markham. JRE Trans., 
ANE Ser., Mar., 1959, pp. 4-8. 


Power Measurements on Millimetric Valves. 
H. Weill. (Le Vide, No. 67, 1957, pp. 122-127.) 


Gt. Brit., RAE Lib. Transl. 812, Mar., 1959. 14 
pp. 


Ne 
ko 
il 
of 
col 
sys 
Pie 
Ti 
Po 
Bt 
F. 
an 
19 
tic 
sy 
tic 
R 
St 
th 
R 
tic 
an 
en 
' se 
R 
pl 
vi 
lo 
T 
bi 
of 
| 
b 
| b 
4 
tr 
= 
n 
te 
te 
fe 
A 
8 
e 
s 
iq 


AW. 


The Gyrovibrator. N. D. TRE 
Trans., ANE Ser., Mar., 1959, pp. 16-2 Anal- 
ysis of a new device for measuring as rate, 
and presentation of its mechanical and electrical 
design features. Analytical proofs of three im- 
portant characteristics of the instrument are 
given. 


Networks, Filters 


Korrektsia Nepreryvnoi Sone Avtomatiches- 
kogo Regulirovaniia pri Pomoshchi Fil’tra na 
Elementakh Zapazdyvaniia. Van Sin’-Min’. 
Aviom. t Telemekh., Apr., 1959, pp. 437-446. 
ll refs. In Russian. Presentation of a method 
of calculation for delay element filters used in the 
compensation of continuous automatic control 
systems, 


Piezoelectricity 


Research on Barium Titanate and Other 
Ferroelectric Materials for Use as Information 
Storage Media. Ch. F. Pulvari. USAF WADC 
TR ne [AD 209530], Sept., 1958. 224 pp. 
39 refs. 


Power Supplies 


Design Study, Power Supply, 
Current, with re Characteristics. 
Burns. USAF WADC TN 59-75 [AD Sra, 
Mar., 1959. oa pp. 

Six Rules for Evaluating CFVS Generators. 
F. T. DeWolf, E. A. Erdely, E. E. Kolatorowicz, 
and W. R. Miller. Space/Aeronautics, July, 
1959, pp. 93, 94, 96-103 (ff.). Review of four 
basic constant-frequency, varying-speed genera- 
tion systems. Energy considerations of slip 
systems, size problems, mechanical contrarota- 
tion, electromagnetic field rotation, power flow 
ame, and reactive current problems are dis- 
cuss' 


Ekspluatatsiia Istochnikov Energosnabzheniia 
Samoletov Iak-18ilak-II. A.Shabota. Kryl’ta 
Rodiny, Feb., 1959, pp. 20, 21. In Russian. 
Survey of electrical power supply systems for the 
Yak-18 and Yak-11 aircraft, and discussion of 
their operation, maintenance, and failure sources. 


Radar 


Effect of Surface Reflections on Rain Cancella- 
tion of Circularly Polarized Radars. R. McFee 
and T. M. Maher. JRE Trans., AP Ser., 
Apr., 1959, pp. 199-201. USAF-sponsored pres- 
entation of estimates for the reduction in cancel- 
lation of rain reflections due to surface reflections 
for the case of ground-based radar overlooking the 
sea, 

Radar Performance Degradation in Fog and 
Rain. H. E. Hawkins and O. La Plant. JRE 
Trans., ANE Ser., Mar., 1959, pp. 26-30. Der- 
ivation of an equation which can be used to (1) 
predict the performance of any given radar under 
various meteorological conditions, and (2) 
compare the performance of radars of different 
parameters operating under identical meteoro- 
logical conditions. The combined effects of back- 
scattering and atmospheric attenuation are taken 
into consideration. 


The PAR-Scope: An Oscilloscope 
Weather Radars. Edwin Kessler, III. 
Trans., ANE Ser., Mar., 1959, pp. 31.36. a 
refs. Description of the operation and_ cali- 
bration of the PAR-scope. A theoretical per- 
formance analysis is made considering the re- 
sponse of the scanning system to spatial variations 
of average reflectivity and to the rapid fluctua- 
tions characteristic of weather echoes, 

Reducing Mutual Radar Interference. K. H. 
Chase and J. L. Pierzga. Electronics, July 10, 
1959, pp. 39-43. Discussion emphasizing the 
broad frequency spectrum of the transmitted 
signal which often extends far beyond its useful 
bandwidth, thereby being seen by a receiver far 
removed from the carrier frequency. Remedial 
measures are suggested. 


Using Magnetic Circuits to Pulse Radar Sets. 
Arthur Krinitz. Electronics, July 3, 1959, pp. 
42,43. Description of a pulse generator using a 
transistor drive and high-permeability, high- 
saturation flux-density cores. Size and weight 
reduction are obtained and reliability is increased. 


Video Converter Puts Electronic Maps on 
Radar Scope. B. I. McCaffrey. Space/Aero- 
nautics, July, 1959, pp. 143, 144, 147, 148, 150. 
Description of an electronic map projection sys- 
tem that electronically superimposes a map of 
tension with prominent natural and man-made 
features on a plan-positionetype display. 

Perekhodnye i Ustanovivshiesia Protsessy v 
Avtomaticheskom Indikatore Dal’nosti. I—Opi- 
Sanie Raboty Ustroistva i Primenenie Apparata 
Stupen’chatykh Funktsii dlia Analiza Protses- 
sov v Indikatore. F. M. Kilin. Avtom. i Tele- 
mekh., Oct., 1958, pp. 901-916. 13 refs. In 
Russian. Study of the transient and steady proc- 
esses in an automatic range finder of a radar 
Station. 


Semiconductors 


Opredelenie Poverkhnostnoi Provodimosti Po- 
luprovodnikovykh Kristallov Metodom ‘‘Klina.’’ 


(Continued on page 104) 


Guidance and Control Systems Engineers are 
needed for work on: 


Inertial Systems Integration 
Computer Systems Synthesis 
Airborne Systems Management 


Reconnaissance Systems Engineers are needed 
for studies on: 


Information Collection Techniques 
Antenna R & D 

Advanced Radar Applications 
Statistical Performance Evaluation 


Limit your working day to 8 hours by living 
close to the office in pleasant suburban Columbus. 
The reduced commuting time provides extra 
hours for your hobbies and family, or time for 
completing that M.S. or PhD. (on the NAA tui- 
tion refund plan) at nearby Ohio State Univer- 
sity. 


Write Engineering Personnel, Box AE-431, North 
American Aviation, Inc., Columbus, Ohio. 


DIVISION OF 


Home of the T2J Buckeye 
and the A3J Vigilante 


Electronics in Ohio 


Our expanding electronics section has career 
positions for engineers and scientists interested 
in advanced programs in two major areas: Guid- 
ance and Control Systems, and Reconnaissance 
Systems. 


THE COLUMBUS 


NORTH AMERICAN AVIATION, INC. 
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Dymneering 
in Electronics of JEL. * 


DATA TRANSMISSION ...brings news from space via the Explorer 
series. Explorer Ill used a tape recorder the size of a cigarette pack ca- 
pable of transmitting two hours of information in 5 seconds. Electronic 
payload weight was approximately 11 /bs. 


GUIDANCE RESEARCH ... by JPL has led and advanced the field of 
missile guidance. Among these achievements are the application of Wiener 
RMS methods to multiple-input, multiple-loop servos, and matching mis- 
sile trajectory to missile control transfer function for optimum accuracy. 


INSTRUMENTATION ... of the moon probe provided measurement of 
radiation environment at distances far from the earth. Telemetered data 
revealed the existence of high intensity radiation. Miniaturization re- 
GUIDANCE SYSTEMS ... both inertial and radio-command types em- sulted in an instrument payload weighing only 10 /bs. 

ploying new concepts of radar communication have been pioneered at 
JPL. This guidance system development activity is supported by basic 
research in all phases of electronics. 


COMPUTERS ... and the application of computing techniques to COMMUNICATIONS... pioneering in interplanetary communications 
missile guidance systems have been pioneered by JPL. The Laboratory is resulted in this giant parabolic radio antenna, 85 feet in diameter, de- 
now searching for new techniques that will further advance the state of veloped by the Laboratory which enables the tracking and reception of 
the art in digital guidance comp ts and computer systems. scientific data from great distances. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 


INFRA-RED, OPTICS, MICROWAVE, SERVOMECHANISMS, COMPUTERS, LIQUID AND SOLID PROPULSION, 
STRUCTURES, CHEMISTRY, INSTRUMENTATION, MATHEMATICS, AND SOLID STATE PHYSICS 


Send professional resume, with full qualifications and experience, for our immediate consideration 
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States Air Force. 


AERONAUTICAL ABSTRACTS 


INTERNATIONAL! 
| 
| 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


| 

| 
The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 4 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 4, Number 9 


ACOUSTICS, SOUND, NOISE 


METHODS OF FLIGHT VEHICLE NOISE 
PREDICTION. P. A. Franken and E, M. Kerwin, 
Jr. Appendix - VIBRATION FREQUENCY 
CHARTS. J. N. Macduff and R. P. Felgar. 
USAF WADC TR 58-343 [AD 2057761, Nov.,1958. 
181 pp. ll refs. Presentation of detailed engi- 
neering procedures for estimating sound pres- 
sure levels on or within a flight vehicle. The 
first steps in the procedure are the estimation 
of exterior noise levels considering noise sources 
and the effect of forward speed and altitude. Next 
the noise transmitting properties of panel, the ef- 
fect of coincidences, resonances, damping, etc. 
are included. Finally vehicle geometry is com- 
bined with known properties and appropriate cor 
rections to yield interior noises. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


CONTRIBUTO ALLO STUDIO DELL'AERO- 
TERMOCHIMICA, Luciano de Socio. Missili, 
Apr., 1959, pp. 5-22. ll refs. In Italian. Deri- 
vation of basic equations of aerothermochemistry 
expressed in a system of generalized curvilinear 
coordinates, covering both dissipative and non- 
dissipative flows, for a group of reference sys- 
tems. Includes extension of the Mangler-Pai 
transformation to the case of axisymmetrical 
motion of dissipative mixed flows, in the pres- 
ence of chemical reaction, taking into account 
the curvature effect (up to the second approxima 
tion). 


ENERGY TRANSFER IN THE COUETTE 
FLOW OF A RADIANT AND CHEMICALLY RE- 
ACTING GAS, Robert Goulard and Madeleine 
Goulard. Bendix Av. Prod. Div. Appl. Sci. Lab. 
Paper, Apr., 1959 (revised). 20 pp. ll refs. Study 
of radiation phenomena encountered at hypersonic 
velocities and corresponding high temperatures. 
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The energy fluxes in a radiant medium are deter- 
mined by solving a system of coupled equations in- 
cluding the integrodifferential equation of radi- 
ant energy conservation. The problem of the 
Couette flow is solved and it is shown that the 
effect of the "long-range" process of radiation 
is to smooth out the temperature profiles and 
relieve the sharp temperature gradients at a 
cool wall. As a result, a lower value of the 
total heat flux than calculated by approximate 
methods is obtained. 


Aerothermodynamics 


THE COUPLING OF RADIATION AND CON- 

VECTION IN DETACHED SHOCK LAYERS, 

R. Goulard. Bendix Av. Prod. Div. Appl. Sci. 
Lab. Paper, Apr. 14, 1959. Upp. li refs. 
Study of the effects of fluid energy loss on the 
energy distribution in the shock layer and on the 
convective and radiative fluxes at the wall. A nt 
nondimensional parameter is shown to govern “d 
the resulting coupling between radiative and Ba, 
convective fluxes. The first approximation which ss 
consists in assuming a constant stagnation tem- Pe 
perature layer is shown to be acceptable for most 
re-entry problems, except for very large vehicle - 
dimensions or velocities. im 


THE APPLICATION OF CONSTANT PROP- 
ERTY SOLUTIONS TO MASS TRANSFER COOL- 
ING CALCULATIONS, Appendix A - ALTER- 
NATE DERIVATION OF THE PRESENT METHOD 
FOR CALCULATING THE EFFECTS OF FOR- 
EIGN GAS INJECTION - LAMINAR CONSTANT 
PRESSURE FLOW. Appendix B - PROPERTY 
VALUES, Appendix C - ANALYSIS CONSIDER- 
ING A STEP FUNCTION IN THE PROPERTIES, 
C. J. Scott. Minn. U. Inst. Tech. RAL Eng. 
Memo, 76 (AFOSR TN 59-201) [AD 211527], Dec., 
1958. 32 pp. 36 refs. Development of simple 
transformation relations for applying the results 
of constant property boundary-layer solutions to 
the calculation of mass-transfer cooling prob- 
lems using foreign gas effusion. Laminar con- 
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stant pressure, laminar stagnation, and turbu- 
lent constant pressure flows are studied. A 
reference-concentration of four-tenths of the 
wall concentration was used in evaluating the 
properties. Comparisons are made with cur- 
rently available exact theoretical solutions in 
order to assess the value of the method as a 
means for extrapolating to conditions not covered 
by the available solutions. Good correlation re- 
sults between present calculations and exact anal- 
yses if the wall concentrations are estimated ac- 
curately. 


COMBINED FORCED AND FREE CONVEC- 
TION IN A BOUNDARY LAYER FLOW, E. M. 
Sparrow, R. Eichhorn, and J. L. Gregg. Phys. 
Fluids, May-June, 1959, pp. 319-328. Analysis 
considering the combined forced and free convec- 
tion flow and heat transfer about a nonisothermal 
body subjected to a nonuniform free stream ve- 
locity. Similar solutions for the laminar bound- 
ary-layer equations are found to exist when the 
free stream velocity and surface temperature 
vary. Extensive numerical solutions of the trans- 
formed boundary-layer equations are carried out 
for the cases of uniform wall temperature and 
uniform wall heat flux for a Prandtl Number of 
0.7. Results are reported for heat transfer, 
shear stress, and Velocity and temperature 
fields. Criteria are given for cataloguing flows 
as purely forced, purely free, and mixed. 


Boundary Layer 


DECOLLEMENT SUR UNE AILE DELTA 
PLACEE SANS INCIDENCE DANS UN ECOULE- 
MENT LAMINAIRE INCOMPRESSIBLE, E, A. 
Eichelbrenner, P, Laval, and H. Werlé, La 
Recherche Aéronautique, May-June, 1959, pp. 
li-14. In French. Extension of the method for 
calculating three-dimensional laminar boundary 
layers to the case of a delta wing without inci- 
dence. The theoretical flow and, in particular, 
the separation line are compared with the experi- 
mental flow diagram representing the results of 
visualization tests in a hydrodynamic tunnel. 


SIMILAR TEMPERATURE BOUNDARY LAY- 
ERS, Dragutin Stojanovi¢. J. Aero/Space Sci., 
Sept. , 1959, pp. 571-574, 591. Presentation of condi- 
tions for the existence of similar temperature 
boundary layers in both two- and three-dimen- 
sional cases with constant and variable walltem- 
peratures. The general condition is that with or 
without viscous heating, and with constant wall 
temperature, conditions for the existence of sim 
ilar velocity boundary layers are at the same 
time the conditions for the existence of similar 
temperature boundary layers. Numerical solu- 
tions are given for the nondimensional tempera- 
ture distributions function and the nondimension- 
al temperature gradient at the wall for several 
Prandtl Numbers in the case of rotating flow 
over an infinite plate at rest. 
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BERECHNUNG VON REIBUNGSSCHICHTEN 
MIT SCHWACHER SEKUNDARSTROMUNG 
NACH DEM IMPULSVERFAHREN, Ernst Becker, 
ZFW, June, 1959, pp. 163-175. 16 refs. In Gem 


man. Derivation of a method of approximation 


which is based on the Gruschwitz momentum the- 
orem and is applicable to the study of laminar or 
turbulent boundary layers with a weak secondary 
flow. The momentum equations are appropriate- 
ly modified, and the method of computation de- 
veloped by Holstein and Bohlen is introduced into 
the derivation of formulas for laminar flow, 


EFFECT OF STANDING VORTEX ON FLOW 
ABOUT SUCTION AEROFOILS WITH SPLIT 
FLAPS. P. Mandl, Canada, NRC Aero. Rep. 
LR-239, Jan. 14, 1959. 47 pp. Extension of the 
theory of flow about airfoils to cover the stand- 
ing vortex within the angle between the airfoil 
and the flap. The strength and the equilibrium 
position of the vortex are calculated by applying 
the Kutta condition both at the trailing edge of 
the airfoil and at the tip of the flap. It is shown 
that the standing vortex increases the lift coeffi- 
cient, thus widening the discrepancy between 
theory and experiment observed earlier. This 
discrepancy is believed to be due to flow sepa- 
ration near the leading edge. Stream lines are 
calculated for a particular configuration of air- 
foil and split flap. The calculated flow pattern 
indicates the existence of a cavity which is 
mainly influenced by the vortex and the sink. 
The streamlines inside and outside the cavity a- 
gree well with experiment. 


LAMINAR BOUNDARY LAYER WITH SUCTION 
AND INJECTION. R. J. Gribben. Phys. Fluids, 
May-June, 1959, pp. 305-318. Study introducing 
the following assumptions: a heat insulated body, 
a Prandtl Number of unity, and a linear tempera- 
ture-viscosity relation. The axisymmetric equa- 
tions governing a given high-speed compressible 
flow are reduced to the equations describing an 
incompressible two-dimensional flow past a flat 
plate with a determinable main stream andnormal 
wall velocity distribution. The results are ap- 
plied to the supersonic flows over a cone with 
wall velocities proportional (1) to the first power 
and (2) to the inverse half-power of distance 
along a generator when the resulting incompres- 
sible flows are known. Also, the flow near the 
tip of a general slender body of revolution in su- 
personic flow with constant wall velocity is ob- 
tained by solving numerically the equations of 
the correlated incompressible flow. It is also 
shown that, if the assumption of an insulated 
body is discarded, a given high-speed compres- 
sible flow may still be correlated with a deter- 
minable low-speed compressible flow. 


BOUNDARY LAYER TRANSITION ON A 
10- DEGREE CONE IN THE N.A.E. 30- x 16- 
INCH WIND TUNNEL, J. A. van der Bliek. 
Canada, NAE LR 232, Nov., 1958. 13 pp. Dis- 
cussion of tests using fluorescent lacquer, French 
chalk and kerosene, and lampblack and kerosene 
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for flow visualization, The transition Reynolds 
Number was determined at Mach Numbers from 
1.5 to 2, The results obtained with the three 
methods are in good agreement and show the 
transition Reynolds Number to be between 2.3 x 
106 and 3.3 x 10°, The removal of high drag 
screens from the intake to the wind tunnel con- 
traction increased the turbulence in the working 
section in such a way that the boundary layer on 
the cone became practically entirely turbulent. 


ANOTHER UNSTEADY TURBULENT BOUND- 
ARY LAYER. Hendrik Tennekes. Johns Hopkins 
U. Dept. Aero, Rep. (AFOSR TN 59-600) [AD 
217177], May, 1959. 43 pp. 10 refs. Comparison 
of data obtained by Karlsson for a zeromean pres- 
sure gradient turbulent boundary layer subjected 
to sinusoidal free-stream oscillations with the ex- 
perimental results of Lighthill for the correspond 
ing laminar layer. In order to determine the lin- 
earity of response, the boundary layer is sub- 
jected to another free stream transient of the 
simple step function type. A preliminary discus- 
sion of the response of the turbulent boundary 
layer to this transient is given, and a simple e- 
lectronic analogue computer for linear synthe- 
sis is described. 


FLUCTUATION MEASUREMENTS IN A SU- 
PERSONIC TURBULENT BOUNDARY LAYER. 
A. L. Kistler. Phys. Fluids, May-June, 1959, 
pp. 290-296. Presentation of hot-wire measure- 
ments of the fluctuations in turbulent, constant- 
pressure boundary layers at Mach Numbers of 
1,72, 3.56, and 4.76 and a Reynolds Number 
based on momentum thickness of about 30,000. 
The distribution of the static-temperature fluc- 
tuation levels through the boundary layer is ap- 
proximately similar at the various Mach Num- 
bers, and the levels are proportional to the 
mean static-temperature difference across the 
boundary layer. A decrease in the velocity fluc- 
tuation levels is observed as the Mach Number 
is increased. There is a high negative correla- 
tion between the velocity and temperature fluc- 
tuations at all Mach Numbers. 


Flow of Fluids 


NONEQUILIBRIUM FLOW OVER A WAVY 
WALL. W. G. Vincenti. Stanford U. Dept. 
Aero. Eng. SUDAER 85, Mar., 1959. 29 pp. 10 
refs. Derivation of a small-disturbance solu- 
tion for the steady two-dimensional flow over a 
sinusoidal wall of an inviscid gas in vibrational 
or chemical nonequilibrium. The results are 
based on a single, linear, third-order partial 
differential equation playing the same role as 
the Prandtl-Glauert equation in equilibrium flow, 
The solution is valid throughout the range from 
subsonic to supersonic speeds and for allvalues 
of the rate parameter from equilibrium to frozen 
flow. The results illustrate some of the proper- 
ties of nonequilibrium flow, such as the occur- 
rence of pressure drag at subsonic speeds and 
the absence of the discontinuous phenomena that 
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characterize the Prandtl-Glauert theory when 
the flow changes from subsonic to supersonic. 


DRAG MEASUREMENTS ON AGARD MODEL 
"A" IN THE N.A.E, 30- x 16-INCH WIND TUN- 
NEL AND COMPARISON WITH OTHER DATA, 

J. A. van der Bliek. Canada, NAE LR 233, 
Nov., 1958. 14 pp. 16 refs. Description of tests 
conducted on a model constructed of two halves 
of solid steel, of which one is used as a half mod 
el. The zero-lift drag was measured at Mach 
Numbers from 0.4 to 2.0 over a Reynolds Num- 
ber range from 2.5 to 4.8 x 10°. The turbulence 
level was indicated by means of transition data 
on a 10-degree cone. A comparison with data 
obtained in other experiments shows that, at 
supersonic speed, the transition Reynolds Num- 
ber for a 10-degree cone is approximately the 
same as that for the parabolic body of revolution, 


EXPERIMENTAL STUDIES ON THE HYPER- 
SONIC FLOW PAST PLANE, CONVEX AND 
CONCAVE WEDGES, Chul-Soo Kim. Phys. 
Soc. Japan J., June, 1959, pp. 827-837. 18 refs, 
Investigation of the viscous~inviscid interaction 
at the leading edge of a body in accelerating or 
decelerating hypersonic flow. Optical methods 
and X-ray techniques used to measure the flow 
field and the air density near the leading edge, 
respectively, are described, The results are 
presented for a flat plate, including pressure 
distribution, boundary layer thickness, and 
shock wave location; and for wedges, covering 
the boundary layer growth, the effect of the 
leading edge bluntness on boundary layer growth, 
and the pressure distributions. 


DESIGN OF MISSILE BODIES FOR MINIMUM 
DRAG AT VERY HIGH SPEEDS - THICKNESS 
RATIO, LIFT, AND CENTER OF PRESSURE 
GIVEN. T. Strand. J. Aero/Space Sci., Sept., 
1959, pp. 568-570, Application of Lees' modi- 
fied Newtonian flow theory to develop a proce- 
dure for the design of minimum drag bodies of 
revolution. It is shown that the optimum body 
shape is independent df lift. Center of pressure 
location, however, exerts a powerful influence 
on both the shape of the body and on the drag 
coefficient at zero lift. 


AN EXTENSION OF THE LINEARIZED CHAR- 
ACTERISTICS METHOD FOR CALCULATING 
THE SUPERSONIC FLOW AROUND ELLIPTIC 
CONES, Anthony Martellucci. Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 517(AFOSR TN 59-632), June, 1959. 51 pp. 12 
refs. Application of Ferri's method of characteris- 
tics to determine the surface pressure distribution. 
The method can also be used for cases of large 
angles of attack, provided that the elliptic body 
geometry is specified so as not to modify the 
cross section, Experimental results obtained 
for several conical bodies are presented. The 
surface pressure distribution obtained by means 
of the modified method of characteristics is in 
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reasonable agreement with experiment over the 
Mach Number and semidiameter ratio range 
investigated, 


APPROXIMATE SOLUTIONS FOR SUPER- 
SONIC FLOW OVER WEDGES AND CONES, 

A. G. Hammitt and K. R. A. Murthy. Princeton 
U. Dept. Aero. Eng. Rep. 449 (AFOSR TN 59- 
304) [AD 213088], Apr., 1959. 20 pp. Presenta- 
tion of simplified formulas for both oblique shock 
and conical flow providing good approximations 
to the exact solutions. The relations lead to 
simple and accurate results over a wide range of 
Mach Numbers and specific heat ratios and are 
also useful as analytical representations in cases 
where exact solutions are not available. 


OBTEKANIE KONICHESKIKH TEL PRI 
DVIZHENII GAZA S BOL'SHOI SVERKHZVU- 
KOVOI SKOROST'IU. A. L. Gonor. AN SSSR 
Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., 
Jan.-Feb., 1959, pp. 34-40. In Russian, Study 
of the supersonic flow of gas around conical bod 
ies using previously derived analytical approach 
for the development of the general theory. The 
boundary conditions used in the calculation are 
stated and a solution is derived for the case of 
plane triangular wings (apex angle 2/3) and for 
elliptical cones. Such aspects as the pressure 
over the body, the shock wave, and the effect of 
thickness variation are covered. 


HYPERSONIC STUDIES OF BLUNT UNSWEPT 
WINGS. I. E. Vas andS. M. Bogdonoff. Prince- 
ton U. Dept. Aero. Eng. Rep. 450 (USAF WADC 
TN 59-127) [AD 214623], Apr., 1959. 73 pp. 21 
refs. Investigation of pressure distribution and 
shock shapes of two-dimensional unswept blunt 
surfaces conducted in a helium tunnel at Mach 
Numbers between ll and 19 and at angles of attack 
of 10°. The tests were carried out at stagna- 
tion pressures between 1, 000 and 1, 500 psia, and 
the Reynolds Number per in. ranged from 10° to 
0.63 x 10, It is found that at high leading edge 
Reynolds Numbers the pressure distributions 

are primarily determined by the inviscid flow, 
and a simple correlation of all results for the 
Mach Number and angle of attack range was found, 
The effect of the leading edge shape is also dis- 
cussed, 


OSCILLATIONS IN PLASMA, II. Shoji Ko- 
jima, Kiyoe Kato, Shigeo Hagiwara, and Ri'ichi 
Matsuzaki. Phys. Soc. Japan J., June, 1959, 
pp. 821-827. Study of the origin of plasma-elec- 
tron oscillations having slightly different fre- 
quencies, generated simultaneously in a hot cath 
ode discharge. The oscillations are detected by 
means of a probe inserted into the tube or through 
a Yagi antenna placed on the outside. The experi- 
mental procedure is described in detail, and the 
results are presented for (a) oscillations generat 
ed by the convergent beam in the central section 
of the tube and (b) those generated by the diver- 
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gent beam near the wall of the tube. A middle 
frequency oscillation observed at the periphery 
of the convergent beam is also mentioned, 


FURTHER RESULTS ON THE FLOW OF A 
CONDUCTING FLUID PAST‘A MAGNETIZED 
SPHERE. G. S. S. Ludford and J. D. Murray. 
U. Md. Inst. Fluid Dynamics & Appl. Math. TN 


BN-174 (AFOSR TN 59-648), June, 1959. 9 pp. 


Analysis considering the steady flow of an incom 
pressible, inviscid, conducting fluid past a 
sphere of arbitrary conductivity in which thereis 
an arbitrary axially symmetric magnetic distri- 
bution. It appears that the singularity in the vor- 
ticity can only be absent when the undisturbed 
magnetic field vanishes at the front stagnation 
point. Explicit formulas for the drag are given 
in terms of coefficients defining the distribution; 
the drag is the same for image distributions with 
respect to the plane = Tr/2. As an example 
the drag is computed due to an off-center dipole 
and is found to be larger than for a center dipole 
of the same moment, 


CHARACTERISTIC MANIFOLDS IN THREE- 
DIMENSIONAL UNSTEADY MAGNETOHYDRO- 
DYNAMICS. R.S. Ong. Phys. Fluids, May- 
June, 1959, pp. 247-251. Application of a tech- 
nique developed in the general theory of discon- 
tinuities to the basic equations of unsteady mag- 
netohydrodynamics in order to find the conditions 
to be satisfied by the discontinuities in the deriv- 
atives of the significant flow and magnetic field 
parameters. With the aid of relations satisfied 
by the jumps in the derivatives of the parameters 
the various characteristic manifolds are found, 
Finally, it is shown that these manifolds are 
hypersurfaces along which small disturbances 
and weak shocks are propagated. 


ON THE CALCULATION OF EDDY VISCOSITY 
AND HEAT TRANSFER IN A TURBULENT 
BOUNDARY LAYER NEAR A RAPIDLY ROTAT- 
ING DISK. D. R. Davies. Quart. J. Mech. & 
Appl. Math., May, 1959, pp. 211-221. Determi- 
nation of the distribution of the radial component 
of Reynolds shear stress by integration of the 
equations of mean flow, the validity of the von 
Karman velocity profiles being assumed. The 
distribution of eddy heat diffusivity is then evalu 
ated by applying Reynolds analogy in a thin region 
of flow very near the surface of the disc, and 
using the approximate similarity of the radial 
component of disc flow and flat-plate flow to ex- 
tend the results through the remainder of the 
inner part of the boundary layer (about 16% of 
the layer thickness), The methods of Davies 
and Bourne are then applied to evaluate, in the 
case of air, the rate of heat transfer from the 
disc, when the surface is kept at constant tem- 
perature. 


SHOCK WAVE-TURBULENCE INTERACTION, 
INVESTIGATIONS IN A SHOCK TUBE, J. E. 
Werner. Johns Hopkins U. Dept. Aero, Rep. 
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(AFOSR TR 59-46) [AD 214847], May, 1959. 177 


pp. 15 refs. Theoretical and experimental in- 
vestigation of various aspects of the shock-tur- 
bulence interaction problem, including the model 
of a cellular vortex field with a discrete front 
converted through a shock wave. Expressions 
are derived for the unsteady pressure disturb- 
ance on the downstream face of the shock, and 
the displacement of the shock wave itself as the 
vortex field is carried through it by the mean 
flow. The interaction of a shock with a random 
velocity fluctuation field is also considered and 
the relationship between pressure fluctuation 
and shock displacement is also studied. The 
pressure fluctuation level is found to depend on 
shock displacement, turbulence scale, and tur- 
bulence intensity. Includes comparison between 
measured and theoretical results, study of shock 
wave reflection from a grid placed in a shock 
tube, and development of a one-dimensional the- 
ory to predict reflection for the case in which 
the flow is not yet sonic at the grid - i.e., below 
choking. 


TWO-DIMENSIONAL GASEOUS DETONA- 
TIONS: VELOCITY DEFICIT. J. A. Fay. Phys. 
Fluids, May-June, 1959, pp. 283-289. 15 refs. 
ONR-supported analysis of previously determined 
experimental results showing the measured veloc- 
ity of gaseous detonation waves to be less than that 
predicted by the Chapman-Jouguet plane wave the- 
ory. The velocity deficit (difference between 
theoretical and measured velocities) was found to 
vary inversely with the tube diameter and initial 
pressure, A quantitative explanation of this ef- 
fect is advanced by determining the growth of 
the viscous boundary layer on the tube wall and 
its effect upon the flow in the reaction zone of the 
detonation front. It is proposed that the boundary 
layer displacement effect within the reaction zone 
produces a uniform flow divergence throughout 
the detonation front. The velocity deficit due 
to this two-dimensional flow is determined, using 
measured values of reaction zone thickness. 


ON THE SPEED OF SOUND IN AIR, R. A. 
Gross and C, L, Eisen. Phys. Fluids, May- 
June, pp. 276-279. 10 refs. AFOSR-supported 
calculatior and comparison of the frozen and e- 
quilibrium sound speeds behind a normal shock 
in air. In a high temperature gas, the speed of 
sound depends upon the chemical composition, 
sound frequency, and chemical reaction rates. 
Two limiting sound speeds are normally distin- 
guished: that of "frozen" or constant chemical 
composition, and the "equilibrium" sound speed. 
Equations to determine these two sound speeds 
are presented for a nitrogen-oxygen system, 
and numerical data are given for speeds up to 
Mach 20, 


Internal Flow 


THEORETICAL AND EXPERIMENTAL CAS- 
CADE FLOW INVESTIGATIONS AT HIGH SUB- 
SONIC MACH NUMBERS, (PRESSURE DISTRI- 
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BUTIONS AND WAKE MEASUREMENTS). U. 
Hopkes. DFL Inst. Aero. Rep. 59/21, June 26, 
1959. 55 pp. 18 refs. USAF- sponsored experi- 
mental investigation of two-dimensional cascades 
with different solidity ratios and blade angles 
using two different blade profiles (NACA 0010 and 
NACA 8410). The measurements are made ata 
constant Reynolds Number and at varying Mach 
Numbers up to the choking Mach Number and 
cover the following: pressure distribution on the 
blade, loss coefficient, deflection of flow, and 
static pressure difference across the cascade. 

It is shown that the static pressure difference 
varies with the Mach Number while the loss coef- 
ficient and the deflection are approximately con 
stant up to the critical Mach Number. A com- 
parison between experimental pressure distribu- 
tions and theoretical calculations based on the 
Prandtl-Glauert rule and the Karm4n-Tsien rule 
is found to yield satisfactory results. 


UNTERSUCHUNG DER SPALTVERLUSTE 
VON TURBINENLEITRADERN MIT BEWEGTER 
SPALTWAND, J. Rehbach. DFL Inst. Aero. 
Bericht No. 90, Apr., 1959. 73 pp. 24 refs. 

In German. Investigation performed to deter- 
mine whether the slot losses occurring in a plane 
cascade with steady walls could be extended to 
the case of losses on rotating cascades with rela 
tive motion between blade and wall. Measure- 
ments were made on axial cascades by rotating 
the hub wall at different speeds, while the blades 
were maintained at rest. Results show that for 
practical applications the relative motion be- 
tween the blade tip and wall clearance has little 
effect on the slot losses, 


REPRESENTATION CONFORME DU POLYGO- 
NE CIRCULAIRE; APPLICATION A L'ETUDE DE 
L'ECOULEMENT PLAN D'UN FLUIDE COM- 
PRESSIBLE, Robert Legendre. France, ONERA 
Pub. 94, 1959. 73 pp. In French. Study covering 
the conformal representation of a circular polygon 
and application to the case of plane flow of a com- 
pressible fluid, using cascade flow as an illustra- 
tive example. Two methods for studying the con- 
formal transformation are evaluated and a study 
is made of: (a) the Euler functions involved in the 
description of the flow fields of an incompressible 
fluid, (b) the problem of standardization for the 
case of a circular triangle, and (c) the problem 
of compressible fluid mechanics of interest in the 
turbomachine research, 


SUPERSONIC NOZZLE FLOW WITH A RE- 
ACTING GAS MIXTURE, P, P. Wegener. Phys. 
Fluids, May-June, 1959, pp. 264-275. 17 refs. 
USAF -Army-sponsored investigation of stationary 
supersonic nozzle flow of a reacting gas mixture 
of nitrogen tetroxide and dioxide carried at low 
concentration in nitrogen. A judicious choice of 
supply conditions and nozzle geometry made it 
possible to produce flows either in chemical equi- 
librium or in states between this and the frozen 
flow. The flow is determined from pressure and 
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area measurements and, by applying an equation 
for the reaction mechanism, rate constants of 
recombination can be found, Experiments with 
stationary oblique shocks led to a determination 
of the dissociation rate constant. 


EFFECT OF JET MIXING ON THE ANNULAR 
JET. H.R. Chaplin. US, Navy Dept., David 
Taylor Model Basin, Aero Rep. 953 (TED TMB 
AD-3242), Feb., 1959. 28 pp. Presentation of 
an approximate theoretical approach to the effect 
of jet mixing on the annular jet. The two-dimen 
sional problems of the annular jet within and 
outside of ground effect are treated in detail. 
Augmentation factor and critical altitude are found 
to depend on nozzle area, pressure, and temper 
ature ratios, in addition to the parameters affect- 
ing the nonmixing annular jet. The results indi- 
cate that the mixing has important adverse effects 
on annular jets using narrow nazzles and high 
pressure ratios. 


INTERACTION OF A TWO-DIMENSIONAL 
INVISCID INCOMPRESSIBLE JET FACING A 
HYPERSONIC STREAM. S. H. Lam. Princeton 
U. Dept. Aero. Eng. Rep. 447 (AFOSR TN 59- 
274) [AD 212708], Mar., 1959. 3l pp. 14 refs. 
Investigation of a two-dimensional blunt body 
with a flat plate spike and coolant injection in 
order to determine the position of the stagna- 
tion point, the shape and position of the interface 
and the effects on drag due to injections. Assum- 
ing that the jet flow directly opposing the oncom- 
ing stream has a common stationary stagnation 
point with the hypersonic shock layer, the free 
stream line case and the attached-flow case are 
studied. The analysis is carried out on the ba- 
sis of the modified Newtonian pressure formula 
for the jet-shock layer interface. 


STATIC LIFT CHARACTERISTICS OF JET 
SLOTS - A CLARIFYING STUDY OF THE EX- 
TERNAL EJECTOR, M, F. Gates. Hiller Air-~ 
craft Adv. Res. Div. Rep. ARD-213, Oct. 15, 
1958. 82pp. 29 refs. Evaluation of the exter- 
nal ejector in both two- and three-dimensional 
configurations in order to determine the thrust 
augmentation potentialities of the phenomenon. 
The results of the program together with previ- 
ously obtained data indicate that static thrust is 
not possible with the external ejector. It was 
found, however, that ideal turning efficiencies 
as high as 88% are possible. In both two- and 
three-dimensional configurations, the turning 
efficiency increased with increasing nozzle slot 
height (co) which was determined by breakaway 
in the two-dimensional tests and by insufficient 
air supply in the three-dimensional ones. Per- 
formance data and surface pressure survey are 
presented for both configurations. Flow visua- 
lization by means of smoke streams is discussed 


¢ Jet Flaps & Wings 


LOW-SPEED INVESTIGATION OF BLOWING 
FROM NACELLES MOUNTED INBOARD AND ON 
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THE UPPER SURFACE OF AN ASPECT-RATIO- 
7.0, 35° SWEPT WING WITH FUSELAGE AND 
VARIOUS TAIL ARRANGEMENTS. T. R. Turner, 
E. E, Davenport, and J. M. Riebe. US, NASA 
Memo, 5-1-59L, June, 1959, 42 pp. Wind-tunnel 


investigation to determine the static longitudinal 
and aerodynamic characteristics of a high-wing 
transport model equipped with upper surface na- 
celles and with various partial-span inboard jet- 
flap and horizontal-tail arrangements. Results 
indicate that blowing from the upper surface na- 
celle over the flaps gave lift increases greater 
than the lift component of the jet reaction. 

Large diving-moment coefficients were obtained 
at the higher lift and momentum coefficients. 
Static longitudinal instability of the model with 
the conventional tail decreased with tail height. 


Performance 


A QUANTITATIVE ANALYSIS OF THE CHAR- 
ACTERISTICS AND LIMITATIONS OF AERODY- 
NAMIC FLIGHT WITHIN THE ATMOSPHERE, 

Il - LIMITATIONS. W. Ch. Walter. Aero/Space 
Engrg., Sept., 1959, pp. 63-66. Analysis of 
the characteristics of the aerodynamic flight re- 
gime show that centrifugal lift has a profound in- 
fluence on the limitations of both cruising and 
aerospace vehicle flight, and that the effects of 
the variation of the earth's gravitational acceler 
ation are negligible in this area, It is evident 
that in order to fly a winged vehicle in efficient 
cruising flight close to the upper limits of the 
cruising vehicle flight regime, the vehicle must 
be designed for low wing loading. Flight at low 
angles of attack is indicated due to the limitations 
on optimum lift coefficient. Above 100,000 ft. a 
small increase in altitude is accompanied by a 
large increase in speed required for cruising 
flight at that altitude. 


Stability & Control 


SOME INSTABILITIES ARISING FROM THE 
INTERACTIONS BETWEEN SHOCK WAVES AND 
BOUNDARY LAYERS. N. C. Lambourne. 
(NATO AGARD 7th Structures & Materials Panel, 
Rome, Mar. 24-Apr. 3, 1958.) NATO AGARD 
Rep. 182, Apr., 1958. 40 pp. 40 refs. Survey 
of available data on flow fluctuations and insta- 
bilities arising from shock-induced separation 
in the flow over lifting surfaces and wings. The 
effect of this phenomenon on the oscillatory be- 
havior of airfoils and control surfaces is also 
discussed. An investigation of the role of shock 
induced separation in the instability of a control 
surface is also discussed. 


Wings & Airfoils 


A METHOD FOR SOLVING THE SUBSONIC 
PROBLEM OF THE OSCILLATING FINITE WING 
WITH THE AID OF HIGH-SPEED DIGITAL COM- 
PUTERS. V. J. E. Stark. SAAB TN 41, Dec.16, 
1958. 36 pp. 15 refs. Formulation of the line- 
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arized problem of the finite wing in subsonic flow 
in terms of the integrated acceleration potential, 
A method for computing the set of downwash 
functions pertaining to the set of functions for the 
approximation of the pressure distribution is 
developed. The numerical results presented for 
a rectangular wing of aspect ratio 3 in incom- 
pressible flow are obtained through approximat- 
ing the given downwash by means of the least 
square method. The procedure is particularly 
suited for the calculation of wings with unswept 
trailing edges when treated in reverse flow. 


CHORDWISE PRESSURE DISTRIBUTIONS 
OVER SEVERAL NACA 16-SERIES AIRFOILS 
AT TRANSONIC MACH NUMBERS UP TO1.25. 
Ch. L. Ladson. US, NASA Memo. 6-1-59L, 
June, 1959. 285 pp. Results of a two-dimension- 
al wind-tunnel investigation conducted in the 
Langley airfoil test apparatus to extend the data 
on thin and moderately thick 16-series airfoils 
incorporating camber throughout the transonic 
speed regime. The airfoil thicknesses were 
4, 6, 9, and 12% of the chord and the design lift 
coefficients 0, 0.2, and 0.5. The tests ranged 
in Reynolds Number from 2.4 x 10® to 2.8 x 10® 
and in angle of attack from -10° to 12°, Chord- 
wise pressure distributions and schlieren pho- 
tographs are presented without analysis. The 
results are used in the study of helicopter blades 
for achieving higher forward flight speeds. 


RING AIRFOIL THEORY - PROBLEMS OF 
INTERFERENCE AND BOUNDARY LAYER. 
Johannes Weissinger. Karlsruhe Tech. Hochsch. 
Inst. Angew. Math. Rep. (AFOSR TN 59-226) 
[AD 211809], Jan., 1959. 105 pp. 19 refs. Study 
of the interference of the ring airfoil with a strut. 
The theory of ring-body interference is extended 
to slender bodies of finite length whose diameter 
is small compared with the ring diameter. The 
lift of the body and the wing, and the pitching 
moment of the body are determined; explicit for- 
mulas and numerical results are given for ellips- 
oids of revolution. In boundary-layer theory the 
methods used in previous studies are improved 
by introducing the Mangler transformation and 
some minor refinements. The three-dimensional 
laminar boundary layer, in particular the stream 
‘lines on the wall and the line of separation, are 
investigated by a method similar to that used by 
Eichelbrenner and Oudart for ellipsoids. 


SUPERSONIC AND MOMENT-OF-AREA 
RULES COMBINED FOR RAPID ZERO-LIFT 
WAVE-DRAG CALCULATIONS. Appendix A - 
DIMENSIONLESS ZERO-LIFT WAVE-DRAG 
EQUATIONS. Appendix B - CONCEPT OF 
SHEARED CONFIGURATIONS. Appendix C - MO- 
MENTS AND LENGTHS FOR SHEARED WINGS 
AND TAILS. Appendix D - SAMPLE CALCULA- 
TIONS. Appendix E - EVALUATION OF THE 
INTEGRAL FUNCTIONS FOR AIRFOIL SEC- 
TIONS WITH NONANALYTIC THICKNESS DIS- 
TRIBUTIONS. L. L. Levy, Jr. US, NASA 
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Memo, 4-19-59A, June, 1959, 68 pp. Calcula- 
tion of the total zero-lift wave drag of a configu- 
ration by a new method considering the sum of 
the wave drag of each component alone plus the 
interference between components. In calculating 
the separate contributions, each component or 
pair of components is analyzed over the smallest 
allowable length in order to improve the conver- 
gence of the series expression for the wave drag. 
The accuracy of the present method is evaluated 
by comparing the total zero-lift wave-drag solu- 
tions for several simplified configurations ob- 
tained by the present method with solutions given 
by slender-body and linearized theory. The re- 
sults of the evaluation indicate that the wave-drag 
solutions for simplified configuration which can 
be obtained by the present method differ from 
solutions given by slender-body and linearized 
theory by less than 6%, 


THE VELOCITY POTENTIAL ON TRIANGU- 
LAR AND RELATED WINGS WITH SUBSONIC 
LEADING EDGES OSCILLATING HARMONICAL- 
LY INSUPERSONIC FLOW. Appendix I - THE 
THEORY OF THE METHOD. Appendix II - THE 
SOLUTION OF THE INTEGRAL EQUATIONS, 
Appendix III - SOME SUBSIDIARY EQUATIONS. 
Appendix IV - THE EVALUATION OF SOME 
INTEGRALS, D. E. Davies. Gt. Brit., RAE 
Rep. Struc. 244, Feb., 1959. 103 pp. Applica- 
tion of the method developed by Watkins and 
Berman to the calculation of the velocity poten- 
tial. A symmetric mode of oscillation is con- 
sidered which is represented by a polynomial 
expression in the coordinates or the points of 
the wing. This polynomial expression is of 
higher degree than those derived previously. 
The results enable the first few terms of a power 
series in frequency for the velocity potential to 
be obtained. 


AEROELASTICITY 


PROBLEMS IN THE DYNAMICS OF ELASTIC 
SYSTEMS UNDER INITIALSTRESS. Yih-O Tu 
and George Handelman. Rensselaer Polytech. 
Inst. Dept. Math., RPI MathRep. 25 (AFOSR TN 
59-406) [AD 214503], May 8, 1959. 74 pp. 24 
refs. Formulation of the eigenvalue problems 
associated with vibration and stability of beams 
under initial axial stress and flat plates under 
initial plane stress from variational principles 
for general structural members. The form of 
the ordinary differential equation for the vibration 
of beams is presented. Upper bounds may be ob- 
tained from minimum principles, in particular 
Rayleigh quotients, Comparison theorems pro- 
viding lower bounds are established for this par- 
ticular type of eigenvalue problem. The ordinary 
Southwell method for lower bounds of the first 
eigenvalue can be applied directly for the case 
yw (x) = 0 for all x throughout the entire length ba. 
of the beam; similar methods are formulated and 2548 
proved accordingly for other cases. TheSchwarz 
iteration method can also be used to find upper 
and lower bounds for the first eigenvalue. Approx- 
imate solutions can be obtained by Rellich's per- 
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Perturbation solutions are car- 
ried out for a thin, long, flat plate simply support- 
ed on all edges and subjected to parabolic temper- 


turbation theory. 


ature distribution. Numerical results indicate 
the existence of critical loads. 


MODIFIED MATRIX METHOD FOR CALCU- 
LATING STEADY-STATE SPAN LOADING ON 
FLEXIBLE WINGS IN SUBSONIC FLIGHT. Ap- 
pendix - AERODYNAMIC-INFLUENCE COEFFI- 
CIENTS FROM TABLES OF DOWNWASH FAC- 
TOR. P. A, Gainer and W. S. Aiken, Jr. US, 
NASA Memo, 5-26-59L, June, 1959. 62 pp. 
Presentation of a method using tables of down- 
wash factors to find the necessary aerodynamic- 
influence coefficients for the application of lift- 
ing-line theory., Explicit matrix equations of 
equilibrium are converted into a matrix power 
series with a finite number of terms by utilizing 
certain characteristic properties of matrices, 
The number of terms in the series is determined 
by a trial-and-error process dependent upon the 
required accuracy of the solution. Spanwise 
distribution of angle of attack, airload, shear, 
bending moment, and pitching moment are ob- 
tained as functions of qmp, where q denotes the 
dynamic pressure and MR is the lift-curve slope 
of a rigid wing. 


SUPERSONIC PANEL FLUTTER OF A CY- 
LINDRICAL SHELL OF FINITE LENGTH. S. L. 
Strack and Maurice Holt. Brown U. Div. Appl. 
Math. Rep. (AFOSR TN 59-547) [AD 216693], 
May, 1959. 56 pp. 20 refs. Determination of 
panel flutter characteristics for different dimen 
sions and modes of support of the shell and vari-~ 
ous undisturbed free-stream Mach Numbers. 
Based on the theory developed by Stepanov, exact 
expressions for the aerodynamic forces are de- 
rived to cover supersonic as well as hypersonic 
flow. The Goldenveizer equation is used for the 
motion of the cylinder and a quasi-steady ap- 
proach is adopted. The formulation of the equa- 
tions and justification of various approximations 
made throughout the study are also discussed, 
The results obtained are compared with those of 
earlier calculations. 


COMPUTERS 


REPRESENTATION DIRECTE PAR ANALO- 
GIE RHEOELECTRIQUE DES GRADIENTS DE 
FONCTIONS HARMONIQUES EN DOMAINE 
PLAN LIMITE OUILLIMITE, Guy Renard. 
France, Min. de l'Air NT 78, 1958. 115 pp. 13 
refs, SDIT, 2 Av. Porte-d'Issy, Paris 15, Frs. 
2,107. In French. Description of a method using 
the rheoelectric analogy for determining directly 
the gradients of harmonic functions in the finite 
or infinite domains. Includes analysis of various 
possible and available solutions; description of 
experiments; evaluation of the advantages of 
the method for studying airfoil profiles; applica- 
tion to specific cases, including those of a sym- 
metrical NACA profile with zero incidence, cas- 
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cade flow, and flow around obstacles; and such 
problems as determining the moduli of a con- 
formal transformation simplified by the use of 
logarithmic potentials and studying the tempera- 
ture fields. 


RESOLUTION PAR ANALOGIE ELECTRIQUE 
D'EQUATIONS AUX DERIVEES PARTIELLES DU 
QUATRIEME ORDRE INTERVENANT DANS DI- 
VERS PROBLEMES D'ELASTICITE, Jean 
Boscher. France, Min. de l'Air PST 348, 1958. 
130 pp. 34 refs. SDIT, 2, Av. Porte-d'Issy, 
Paris 15, Frs. 2,251, In French. Application of 
electric analogy methods to the solution of fourth- 
order partial differential equations encountered 
in various elasticity problems. A detailed de- 
scription is given of various methods used to de- 
termine (a) the Airy function governing the state 
of stress in an elastic medium; (b) the flexural 
moment and the deformation function for beams, 
and (c) the deformation function for homogeneous 
elastic plates. Various examples illustrate the 
applicability and the accuracy of the procedure. 


FUELS & LUBRICANTS 


THE USEFUL LIFE OF SOLID PROPEL- 
LANTS AT VERY HIGH TEMPERATURES, I. 
M. Visnov. (ASME-ARS Av. Conf., Dallas, 
Mar. 17-20, 1958.) ARS J., July, 1959, pp. 


500-505, Evaluation of the thermal stability of 
propellants for cartridge actuated devices oper 
ating at elevated temperatures associated with 
supersonic speeds, and establishment of their 
auto-ignition hazard zones. The study includes 
experiments with various propellant types for 
determining the rate of controlled decomposi- 
tion into specified volumes of gas, and an inves- 
tigation of the propellant life under extremes of 
exposure, considering such factors as: location 
of devices, extension of temperature range, rep 
etition of high temperature exposures (recycling), 
and limitations for protection of propellant pow- 
ered devices. 


RECENT ADVANCES IN SOLID PROPELLANT 
GRAIN DESIGN, J. A. Vandenkerckhove. ARS 
J., July, 1959, pp. 483-491. 3l refs. Survey of 
data on end-burning, side-burning, and noncylin- 
drical grains and consideration of such factors as 
internal ballistics, including long and short burn- 
ing times; similarity rules; overall grain dimen- 
sions; and fundamentals of design. Mechanical 
and thermal stresses, as well as stress concen- 
trations are discussed, and design charts are 
presented, 


INSTRUMENTS 


Pressure Measuring Devices 


FREE-FLIGHT EXPERIMENTS ON THE 
MEASUREMENT OF FREE-STREAM STATIC 
PRESSURE AT TRANSONIC SPEEDS WITH 
PARTICULAR REFERENCE TO THE Mk.9 PI- 
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TOT-STATIC HEAD. C, Kell. Gt. Brit., RAE 


TN Aero. 2598, Dec., 1958. 18 pp. Survey of 
free-flight measurements of ambient static pres- 
sures ahead of bodies of revolution with noses of 
different shapes at Mach Numbers between 0.8 
and1l.4. The results indicate the minimum dis- 
tances ahead of blunt-nosed bodies at which the 
errors in static pressure measurements are 
small enough to be acceptable. A description 
covering errors introduced by the static-pres- 
sure measuring heads themselves, tests on the 
standard Mk.9 pitot-static head, and results from 
this and other types of head are also included. 


MISSILES, ROCKETS, SPACE CRAFT 


JUMP DUE TO AERODYNAMIC ASYMMETRY 
OF A MISSILE WITH VARYING ROLL RATE, 
Ch. H. Murphy and J. W. Bradley. US, BRL 
Rep. 1077, May, 1959. 35 pp. Study of the ef- 
fect of a varying roll rate on the aerodynamic 
jump. In the case of roll produced by differen- 
tially canted controls, the rolling motion can be 
described by two parameters. The magnitude 
and range of jump is presented for the pertinent 
range of these parameters. 


VARIATIONAL APPROACH TO THE RE-EN- 
TRY OF A BALLISTIC MISSILE. I. Angelo 
Miele and C. R. Cavoti. Purdue U. Sch. Aero. 
Eng. Rep, A-59-l, Jan., 1959. 55 pp. 12 refs. 
Army-supported investigation of the re-entry of 
a ballistic missile endowed with a drag regulating 
device with the idea of minimizing the heat trans 
ferred from the boundary layer to the skin. Using 
the indirect methods of the calculus of variations 
it is shown that the totality of extremal arcs in- 
cludes sub-arcs flown with spoilers fully re- 
tracted, with spoilers fully extended, and with 
spoilers in a continuously variable position. Two 
types of boundary value problems not involving 
time are investigated: (1) free time, free final 
Mach Number -- the extremal arc is flown with 
spoilers fully extended; (2) free time, fixed final 
Mach Number -- the extremal arc includes an ini- 
tial sub-arc flown with spoilers fully extended, 
followed by a final sub-arc flown with spoilers 
fully retracted. 


VARIATIONAL APPROACH TO THE RE-EN- 
TRY OF A BALLISTIC MISSILE. Il. Angelo 
Miele and C. R. Cavoti. Purdue U. Sch. Aero, 
Eng. Rep. A-59-3, May, 1959. 59 pp. Army- 
supported analysis of the re-entry of a ballistic 
missile equipped with a device regulating the 
drag in order to minimize the heat transferred 
from the boundary layer to the skin. Problems 
where a time constraint is imposed on the flight 
path are considered. It is shown that sub-arcs 
flown with a continuously variable ballistic factor 
are generally present in the extremal solution. 
The latter may include from two to five different 
sub-arcs depending upon the problem under con- 
sideration. Both exact and approximate methods 
are supplied in order to calculate extremal paths 
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under different types of boundary conditions. 
Rigorous sufficiency proofs are developed by 
means of Green's theorem. 


EFFECT OF DRAG MODULATION ON THE 
MAXIMUM DECELERATION ENCOUNTERED 
BY A RE-ENTERING BALLISTIC MISSILE, 
Angelo Miele and J. O, Cappellari, Jr. Purdue 
U. Sch. Aero. Eng. Rep. A-59-6, June, 1959. 
41 pp. Army-supported investigation of the re- 
entry of a ballistic missile equipped with a drag 
control device. General solutions for the distri- 
butions of Mach Number and deceleration along 
the re-entry path are obtained on the basis of 
the assumption that the ballistic factor € is an 
arbitrarily prescribed function of the pressure 
ratio 77 (the ratio of atmospheric pressure at 
any altitude to atmospheric pressure at sea level), 
It is shown that, by decreasing the ballistic fac- 
tor as the missile moves toward lower altitudes, 
the maximum deceleration can be reduced to a 
considerable extent with respect to that of a 
constant geometry missile. 


VARIATIONAL APPROACH TO PROBLEMS 
OF HYPERVELOCITY FLIGHT - FINAL REPORT, 
Angelo Miele. Purdue U. Sch. Aero. Eng. Rep. 


A-59-7, June, 1959. 18 pp. 13 refs. Army-sup- 


ported review of the results on: (a) the effect of 
drag modulation on the heat transferred from the 
boundary layer to the skin of a missile; determi- 
nation of the programing of the ballistic factor 
yielding a minimum heat transfer; (b) effect of 
drag modulation on the maximum deceleration 
encountered by a re-entering ballistic missile; 
study of the relationship between deceleration 
and programing of the ballistic factor; and (c) 
analysis of the flight path of a hypervelocity glid-. 
er boosted by rockets; study of the burning pro- 
gram and of the lift program maximizing the 
range of a hypervelocity vehicle. 


ON A CLASS OF VARIATIONAL PROBLEMS 
IN ROCKET FLIGHT. G. Leitmann. J. Aero/ 
Space Sci., Sept., 1959, pp. 586-591. Analysis 
considering the problem of determining the direc- 
tion and magnitude of the bounded thrust of a sin- 
gle-stage rocket, traveling in vacuum and a con- 
stant gravitational field, in order to minimize a 
function of the initial and final values of rocket 
mass, position and velocity components, and 
time. The general nature of the extremal arc is 
derived from a consideration of necessary con- 
ditions for the existence of a minimum "pay off", 
Criteria are established for the identification of 
extremal subarcs and for their composition into 
the complete extremal arc. It is found that flight 
takes place either at maximum or minimum 
thrust and that, at most, three such subarcs can 
arise. 


COLLISION TRAJECTORIES IN THE THREE- 
BODY PROBLEM, E. T. Benedikt. J. Astron. 
Sci., Summer, 1959, pp. 17-24, 30. Analysis 
covering the determination of the connection be- 
tween the analytical regularity of the trajectory 
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of a missile moving under the action of two at- 
tracting masses and the collision between the 
missile and the center of one of the bodies, The 
basic results obtained by Levi-Civita are rede- 
rived in a manner following the formal methods 
of dynamics. Thus, it is possible to regularize 
collision trajectories and to obtain conditions 
which the position and velocity of the missile 
must satisfy in order for the trajectory of the 
missile to pass through the center of the body. 
Application of the foregoing developments to the 
case of circumlunar trajectories is made. 


THREE-DIMENSIONAL LUNAR MISSION 
STUDIES. W.H. Michael, Jr., and R. H. Tol- 
son. US, NASA Memo, 6-29-59L, June, 1959. 

38 pp. Calculation of some three-dimensional 
lunar trajectories by integration of the equations 
of motion of the classical restricted three-body 
problem of celestial mechanics. The calculations 
have been used for the analysis of several aspects 
of lunar flight including requirements for achiev- 
ing lunar impact and for establishing a close lunar 
satellite. It is concluded that the allowable errors 
in initial conditions for lunar missions are strong- 
ly dependent on the values of the initial injection 
velocity and the injection angle. There can be 
large differences in results obtained from two- 
and three-dimensional analyses. Some of the ac- 
curacy tolerances can be fairly well estimated 

by use of a two-body analysis. Satisfactory or- 
bits for a relatively close lunar satellite can be 
obtained with accuracies in the initial conditions 
approximately equal to those required for lunar 
impact. 


HETEROGENEOUS CONSTRUCTION FOR 
MISSILE FUSELAGES,. A. T. Zahorski. USAF 
WADC TR 58-513 [AD 207270}, Nov., 1958, 124 
pp. 33 refs. Discussion of a preliminary de- 
sign synthesis of a new type of heterogeneous 
fuselage structures, emphasizing their potential 
advantages over conventional semimonocoque 
structures. Included are the principles of het- 
erogeneous construction, application to design 
of fuselages, selection of prototype, elastic com 
nectors, and design recommendations. Burst, 
bending, and supersonic wind-tunnel tests ona 

* full-size prototype fuselage are described, 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS, 
I - "FREE" PITCH-YAW DYNAMIC RESPONSE 
OF A SPINNING BALLISTIC BODY IN A TIME- 
VARYING AERODYNAMIC ENVIRONMENT. 

J. S. Kanno. Lockheed Aircraft Missiles & 
Space Div., vol. IV, TR LMSD-48381, Jan., 
1958-Jan., 1959. 13 pp. Evaluation of a linear 
differential equation pertinent to some flight-dy- 
namic problems, including the prediction of ve- 
hicle dynamic response and the analysis of flight 
test data. Its variable coefficients are the aero- 
dynamic static stability and the damping moments. 
For a statically stable ballistic configuration with 
small damping, the nutational and precessional 
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displacements are oscillatory and are character- 
ized by the waveform concepts of amplitude and 
frequency. The approximate solution of the e- 
quation of motion is resolved within the bounds 
of small aerodynamic damping, having a first- 
order effect on the envelope without influencing 
the epicyclic characteristics of the figure axis 
trajectory. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS, 
II - SELF-SUSTAINED EPICYCLIC PITCH-YAW 
OSCILLATIONS OF A SPINNING BALLISTIC 
BODY CHARACTERIZED BY THE VAN DER POL 
DAMPING FUNCTION. J. S. Kanno, Lockheed 
Aircraft Missiles & Space Div., vol. IV, TR 
LMSD-48381, Jan., 1958-Jan., 1959. 11 pp. Pres- 
entation of the results of an investigation on the 
limit cycle phenomenon of the blunt-nosed ballis- 
tic (re-entry) body. The solution of the equation 
of motion is derived by the approximate quasi- 
harmonic method of Kryloff and Bogoliuboff. The 
importance of the stable limit-cycle condition is 
stressed. 


RELATIVISTIC TREATMENT OF AN OPTI- 
MUM ROCKET PROPULSION SYSTEM UNDER 
CONSIDERATION OF NUCLEAR DATA. Trutz 
Foelsche. USAF MDC TN 59-8 [AD 214006], 
Apr., 1959. 9 pp. Description of an optimum 
propulsion system, including the limitation ofthe 
end velocity of a rocket using such a propulsion 
system by the low mass conversion factor of fuel. 
It is shown that for nuclear physical reasons an 
end velocity higher than 0.134c (c being the speed 
of light) cannot be attained by a rocket using a 
propulsion system with variable exhaust velocity, 
which maximizes the end velocity at given energy 
content and mass ratio. 


GENERAL SOLUTION FOR OPTIMIZATION 
OF STAGING OF MULTISTAGED BOOST VEHI- 
CLES. C. H. Builder. ARS J., July, 1959, pp. 
497-499, Presentation of a solution based upon 
weight-dependent criteria. Optimization is pos- 
sible in terms of any criterion which can be ex- 
pressed as proportional to stage or step weight, 
such as cost, volume, empty weight, propellant 
weight, as well as that of gross weight. The so 
lution is applicable to a vehicle of any number of 
stages, including the air-breathing engine stage, 
having different performances and characteris- 
tics. Analytic procedures for the solution of 
multistage vehicles are outlined, and an exam- 
ple of the optimization of staging for minimum 
cost is presented, 


CORRECTION OF EPOCH ERROR IN CIRCU- 
LAR ORBITS, Il - CORRECTION BY NON-TAN- 
GENTIAL TRANSFER. L. J. Berman. MIT 
Dept. Aeron. & Astron. Rep. (AFOSR TN 59-62, 
Pt. 2)[AD 214637], Apr.,1959. 36 pp. Study of a 
vehicle incircular orbit which is transferred into 
a second orbit by an impulsive force. At some 
subsequent intersection of the two orbits, a sec- 
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ond impulse is applied to transfer it back to the 
original orbit. The maneuver is studied to de- 
termine what cenditions affect the choice of the 
transfer orbit. In particular, the time taken for 
completion of the epoch change and the character- 
istic velocity required are studied. Finally,it is 
shown that the imposition of a restriction on the 
minimum perigee radius considerably modifies 
the choice and even makes some conditions im- 
possible to satisfy. 


WATER-LANDING CHARACTERISTICS OF A 
REENTRY CAPSULE, J. R. McGehee, M. E. 
Hathaway, and V. L. Vaughan, Jr. US, NASA 
Memo. 5-23-59L, June, 1959. 27 pp. Experi- 


mental and theoretical investigation to determine 
the water-landing characteristics of a conically 
shaped re-entry capsule having a segment of a 
sphere as the bottom. The peak accelerations 
along the roll axis experienced by this type of 
capsule were in the order of 40g for a contact 
attitude of 0° and a vertical flight path. Fora 
contact attitude of 0° and a flight path of 65°, 
the peak accelerations were in the order of 50g. 
Changes in contact attitude in either the positive 
or negative direction from 0° attitude resulted 
in a considerable reduction in the peak acceler- 
ations. Accelerations measured along the pitch 
and yaw axes were relatively small at all test 
conditions. Excellent agreement was obtained 
among the peak accelerations of the model, full- 
scale, and rigid-body theoretical investigations, 


PHYSICS 


Geophysic 8 


THEORETISCHE UNTERSUCHUNGEN DES 
CHEMISCHEN UND PHYSIKALISCHEN ZUSTAN- 
DES DER ATMOSPHARE ALS GRUNDLAGE 
FUR EXPERIMENTELLE UNTERSUCHUNGEN 
IHRER MOGLICHEN EINWIRKUNG AUF DIE 
MATERIALIEN VON FLUGKORPERN,. U. 
Schmieschek. DVL Bericht No. 95, May, 1959. 
38 pp. 36 refs. Westdeutscher Verlag, Kdln 
& Opladen, In German. Theoretical investiga- 
tion of the chemical and physical characteristics 
of the atmosphere based on data obtained by 
means of sounding rockets. The photochemical 
splitting processes and secondary reactions gern 
erated at high altitudes by solar radiation are 
studied. Special attention is given to the ozone 
formation as well as to the formation of free 
oxygen and nitrogen atoms. Also describedare 
the conditions for test chambers and channels 
in studying the corrosive effect of the higher at- 
mosphere on the metallic surfaces of missiles. 


IZUCHENIE ZEMN2GO KORPUSKULIARNOGO 
IZ LUCHENIIA I KOSMICHESKIKH LUCHEI PRI 
POLETE KOSMICHESKOI RAKETY,. S. N. Ver- 
nov, A. E. Chudakov, P. V. Vakulov, and Iu. I. 
Logachev. AN SSSR Dokl., Mar. 21, 1959, pp. 
304-307. In Russian. Investigation of the ter- 
restrial corpuscular radiation and cosmic rays, 
covering interpretation of data obtained by a cos- 
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mic rocket for distances of 8,000 to 150, 000 km. 
from the center of the earth. The instrumentation 
of the satellite is described, and the results are 
compared to the data obtained by the third artifi- 
cial satellite. The spatial distribution of the 
high-intensity zone and the composition of the ra- 
diation in the external zone of high intensity are 
included. 


POWER PLANTS 


PROPULSION PAR PLASMA ACCELERE, 
L. Gérardin. Fusées, June, 1959, pp. 15-25. 
16 refs. In French. Evaluation of the advan- 
tages of accelerated plasma propulsion in terms 
of its application to space vehicles, The survey 
of systems includes electrodynamic ion, thermo- 
dynamic plasma, and magnetodynamic plasma 
engines, as well as various energy sources. The 
basic operating principles, thrust, and certain 
design aspects of each system are discussed. 


INVESTIGATION OF DIRECT CONVERSION 
DEVICES FOR APPLICATION TO ION PROPUL- 
SION. A. L. Huebner. North Am. Av. Rocket- 
dyne Div. R-1463 (AFOSR TN 59-461) [AD 215266], 
May, 1959. 40 pp. 12 refs. Discussion of the 
applicability of photovoltaic cells to ion propul- 
sion and analysis of their merit as a propulsion 
device of extremely high reliability. The theory 
of the cells is developed briefly, and the impor- 
tant parameters affecting their operation are 
studied, particularly with respect to conversion 
efficiency, operating temperature, and specific 
weight. 


Jet & Turbine 


HEAT TRANSFER PROCESSES IN GAS TUR- 
BINE COMBUSTION CHAMBERS, A. H. Lefebvre 
and M. V. Herbert. Gt. Brit., NGTE Memo. 
M.324, Feb., 1959. 41 pp. 13 refs. Simple a- 
nalysis of the relevant heat transfer processes 
leading to a general equation for average flame- 
tube wall temperatures. This equation is applied 
to show the separate effects on flame-tube tem- 
perature of changes in the inlet variables of pres- 
sure, temperature, andair mass flow. The effect 
on metal temperatures of simultaneous changes 
in these three variables is also studied. Results 
indicate that flame-tube temperatures increase 
with increases in pressure, inlet temperature,and 
flame-tube size, and decrease in air mass flow, 
At constant engine rotational speed, flame-tube 
temperatures increase with increasing forward 
speed and decrease with increasing altitude. 


UNTERSUCHUNGEN UBER DIE UMLENKUNG 
EINES FREIEN LUFTSTRAHLS MIT HILFE VON 
DRALL. Klaus Iserland. ETH Inst. ftir Aero- 
dynamik, Mitteil. No. 25, 1958. 99 pp. In Ger- 
man. Investigation of the free air jet deflection 
including a survey of known systems. The study 
covers technical aspects of thrust reversal as 
compared to wheel brakes and brake parachutes; 
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description of a system with spin, including the 
test apparatus; various experimental programs; 
free jet measurements; comparison of results; 
and experimerts on thrust reversal with suction. 


Rocket 


VAPORIZATION RATE LIMITED COMBUS- 
TION IN BIPROPELLANT ROCKET CHAMBERS, 
E, Mayer. (ARS 13th Annual Meeting, New York, 
Nov. 17-21, 1958.) ARS J., July, 1959, pp. 505- 
513. 16 refs. Analysis of a one-dimensional 
combustion-chamber model on the assumption 
that the vaporization of the liquid droplets is the 
rate controlling step in the combustion process, 
The dependence of the gas flow variables on po- 
sition coordinate in the chamber is determined 
by assuming that the vaporized propellants are 
instantaneously mixed and reacted in stoichiome- 
tric ratio, and that the droplet motion is govern 
ed by full entrainment in the product gas flow. 

It is concluded that in the bipropellant system 
gas velocity distribution is determined primarily 
by the droplet spectrum and volatility of the more 
slowly vaporizing species, and that the tempera- 
ture distribution is strongly dependent on the 
droplet size spectrum and volatility of the more 
rapidly vaporizing species. 


DIMENSIONAMENTO DI UNA CARICA DI 
PROPELLENTE SOLIDO PER ENDOREATTORE 
DEL TIPO A STELLA INTERNA. Antonio Ange- 
loni. Missili, Apr., 1959, pp. 23-35. In Italian. 
Study of the dimensioning of a solid propellant 
charge for rocket engines of the internal star 
type. Such aspects as the burnout, pressure, 
velocity, and combustion time are considered, 
and the cases of constant thrust and constant ac- 
celeration are presented as illustrative exam- 
ples. Includes evaluation of geometrical and 
thermodynamic parameters involved in the selec- 
tion of grain size and introduction of the assump- 
tion that the combustion surface advances paral- 
lel to itself, while the combustion velocity, nor- 
mal to the surface, remains the same at all 
points. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


CALCULATION OF FLEXIBLE WALL 
SHAPES AND PREPARATION OF CONTROL 
TAPES FOR THE BEDFORD 8 ft. x 8 ft. WIND 
TUNNEL, Appendix I - DEVELOPMENT OF 
THE AERODYNAMIC EQUATIONS OF FLOW. 
K. V. Diprose. Appendix II - NUMERICAL 
METHODS. M. M. Barritt. Gt. Brit., RAE 
Rep. M.S. 54, Feb., 1959. 45 pp. 13 refs. 
Application of a digital computer to the aerody- 
namic design and automatic control of a large 
wind tunnel with flexible walls. The computa- 
tional problem is threefold: first, calculation 
of the wall shapes for a set of "pivotal" operat~- 
ing speeds between Mach Numbers | and 2,8; 
second, computation of the necessary movements 
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of the set of screw jacks which flex the walls; and 
finally, preparation of the set of digitally punched 
control tapes. A new mathematical approach was 
used for the first part in order to avoid singulari- 
ties in the partial differential equations governing 
the flow in the convergent-divergent nozzle of the 
tunnel. 


AN INVESTIGATION OF INTERFERENCE 
EFFECTS ON SIMILAR MODELS OF DIFFER- 
ENT SIZE IN VARIOUS TRANSONIC TUNNELS 
IN THE U.K. F. O'Hara, L. C. Squire, and 
A. B. Haines. Gt. Brit., RAE TN Aero. 2606; 
ARA Wind Tunnel Note 27, Feb., 1959. 82 pp. 
18 refs. Presentation of test results made on 
similar swept-wing models in transonic tunnels 
of different types. Force measurement results 
at subsonic speeds in the RAE 3-ft.x 3-ft. slotted 
tunnel show only small interference effects for 
models of moderate blockage at low incidence; at 
higher incidences, the interference effect on lift 
becomes appreciably greater than estimated by 
theory and significant pitching moment occur, 
apparently due to wall interference on the wing 
flow field. Comparable but smaller effects are 
evident in the results from the ARA 9-ft.x 8-ft. 
perforated tunnel. At speeds just above Mach 
Number 1, the force fluctuates as speed is in- 
creased, because of wave reflection interference. 
The magnitude of the fluctuations diminishes as 
speed is further increased and this reduction is 
more marked in the perforated tunnel. Pressure 
measurements along the top of the body at zero 
incidence show delay in shock movements at 
higher subsonic speeds indicating a blockage ef- 
fect in speed; the effect is larger in the perfo- 
rated tunnel though smaller than predicted by 
theory. 


ROTATING WING AIRCRAFT, HELICOPTERS 


BERECHNUNGSMETHODEN UND KURVEN- 
BLATTER ZUR ERMITTLUNG DER FLUGLEI- 
STUNGEN VON DREHFLUGELFLUGZEUGEN, 
W. Just and H. Dathe. DSH Bericht No. 30, 
Jan., 1959. 120 pp. In German. Presentation 
of methods and graphs for calculating the per- 
formance of rotating wing aircraft in hovering, 
vertical, and horizontal flight. Curves are giv- 
en for such parameters as rotor disc loading, 
rotational velocity, and parasite drag. For the 
case of hovering flight, methods of calculation 
based on both the jet theory and the airfoil the- 
ory are discussed. 


STABILITAT ELASTISCHER ROTORBLAT- 
TER MIT KONSTANTER MASSENBELEGUNG. 
H. Hain. DSH Bericht No. 39, Jan., 1959. 

27 pp. In German. Development of a method to 
study the stability of elastic rotor blades with 
constant mass distribution. The effect of five 
structural and operating parameters is deter- 
mined; the simplifying assumptions introduced 
into the calculation are stated; and the results 
are presented in graphical form. 
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STRUCTURES 


Beams & Columns 


ANALYSIS OF A CANTILEVER BEAM DE- 
VELOPING AN ISOPLASTIC RESPONSE UNDER 
IMPACT AT THE TIP. A. H. Halland V. L. 
Saxon. Canada, NRC Aero. Rep. LR-237, May, 
1959. 16 pp. Definition of a condition of isoplas- 
ticity for a beam as the development of plastic 
strains simultaneously at all points along the 
profile fibers. Two conditions must be satisfied 
simultaneously -- one on the profile shape, and 
one on the mass distribution. It appears that the 
second condition can only be approximately satis- 
fied if there is relatively large mass concentra- 
tion at the tip. Preliminary experiments using 
a massive striking force on a statically constant 
stress cantilever indicate that a condition of iso- 
plasticity may be approached. 


CREEP BEHAVIOR OF COLUMNS. S. A. 
Patel and B. Venkatraman. Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., 


PIBAL Rep. 422 (AFOSR TN 59-530) [AD 216537], 


May, 1959. 84 pp. 42 refs. Investigation of the 
creep behavior of pin-ended viscous and visco- 
elastic columns. The analyses are carried out 
on the basis of an assumed I-section and a term 
is introduced to account for plastic deformations. 
The transient creep law is used to study the 
short-time buckling, and the validity of the as- 
sumptions introduced into the analysis is examin- 
ed. 


Cylinders & Shells 


CREEP BUCKLING OF CYLINDRICAL 
SHELLS SUBJECTED TO UNIFORM AXIAL 
COMPRESSION. F. W. French andS, A, Patel. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & 
Appl. Mech., PIBAL Rep. 489 (AFOSR TN 59- 
538) [AD 215555], May, 1959. 18 pp. Investiga- 
tion of the axially symmetric creep buckling of 
a circular cylindrical shell using a sandwich 
shell analogy and a biaxial creep law. Two si- 
multaneous, nonlinear equations are found to 
govern the stress distribution in and the displace- 
ment of the cylinder. One specific example is 
given, and the results are presented in the form 
of curves. 


DETERMINATION OF STATIC STRENGTH 
AND CREEP BUCKLING OF UNSTIFFENED CIR- 
CULAR CYLINDERS SUBJECTED TO BENDING 
AT ELEVATED TEMPERATURES. E. E. Mat- 
hauser and Avraham Berkovits. US, NASA 
Memo, 6-14-59L, June, 1959, 18 pp. Develop- 
ment of a method based on a semiempirical pro- 
cedure applicable to cylinders that are loaded 
into the inelastic stress range prior to buckling 
and fail in a local mode, The predicted bending 
moments associated with static strength and 
creep buckling are compared with experimental 
data obtained from tests at 500° F. on 5052-0 
aluminum-alloy cylinders with radius-thickness 
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ratios ranging from 125 to 250. The bending 
strength of the cylinders is determined on the 
basis of an existing local buckling stress rela- 
tionship and the compressive stress-strain 
curve for the material. Creep buckling is de- 
termined with the use of isochronous stress- 


strain curves obtained from compressive creep 
data, 


THERMAL BUCKLING OF CIRCULAR CYLIN- 
DRICAL AND CONICAL THIN-WALLED SHELLS. 
David Abir, N. J. Hoff, S. V. Nardo, F. V. 
Pohle, William Vafakos, and Koon-Sang Wan. 
USAF WADC TR 58-104 [AD 151068], Apr., 1958. 
161 pp. 18 refs. Experimental and theoretical 
investigation of temperature distribution and 
thermal stresses in thin-walled circular cylindri- 
cal and conical shells. Both reinforced and un- 
reinforced types are considered. It is concluded 
for the thin circular cylindrical shell that the 
critical value of the axial compressive stress 
due to variable circumferential temperatures 
does not differ from the critical stress of a cyl- 
inder loaded in uniform axial compression, pro- 
vided the variation of the thermal stress over a 
one-half wavelength is not large. The reinforced 
conical shells were heated uniformly and their 
buckling time was found to be higher than that 
predicted by theory. The unreinforced conical 
shells, heated axisymmetrically with a variation 
of the heat input only in the axial direction, 
melted and showed no signs of buckling. 


ON TORSION OF THIN CYLINDRICAL 
SHELLS, E, Reissner. J. Mech. & Phys. Solids, 
June, 1959, pp. 157-162. ONR-supported applica- 
tion of the theory onthin, elastic, cylindrical shells 
to the problem of St. Venant torsion. General ex- 
plicit results for nonhomogeneous shells are obtain 
ed, including as special case Bredt's formulas for 
closed tubes and known results for tubes slit 
along a generator. It is shown that the assump- 
tions of Love's first approximation shell theory 
are not applicable to the problem of nonhomoge- 
neous and longitudinally slit tubes. 


THE LOAD CARRYING CAPACITIES OF CY- 
LINDRICAL SHELLS SUBJECTED TO A RING 
OF FORCE. G. Eason. J. Mech. & Phys. 
Solids, June, 1959, pp. 169-181. Determination 
of the stress fields and associated velocity fields 
obtained under conditions of axial symmetry for 
circular cylindrical shells of rigid-plastic mate- 
rial satisfying the Tresca yield condition. The 
value of collapse force is found for all values of 
the shell length, and five possible types of de- 
formation are indicated. 


Elasticity & Plasticity 


THREE SHEAR THEORY OF PLASTICITY. 
Fujio Nakanishi and Yasuo Sato. JSME Bul., 
May, 1959, pp. 257-264. Development of a theo- 
ry of plasticity and discussion of its application 
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to the determination of stress relation between 
plastic pure shear and plastic tension. The hys- 
teresis loops and the anisotropy due to plastic 
deformation are investigated, and the relation be- 
tween the yield point of mild steel and the plastic 
deformation setting in beyond that point is dis- 
cussed, Experimental and theoretical results 
are found to be in good agreement. 


Fatigue 


FATIGUE CHARACTERISTICS OF A RIVETED 
24S-T ALUMINIUM ALLOY WING. IV - ANALY- 
SIS OF RESULTS. D. G. Ford and A. O. Payne. 
Australia, ARL Rep. SM. 263, Oct., 1958. 77pp. 
21 refs. Evaluation of results obtained from fa- 
tigue tests on ninety P-51D Mustang wings. In- 
cludes development of a method for relating the 
fatigue strength of the structure to that of two 
critical components in which fatigue failure oc- 
curs. Also presented are data on such aspects 
as: types of fatigue failure, frequency distribu- 
tion of fatigue life, fatigue strength of notched 
material, and the effect of preloading on fatigue 
characteristics. 


A STUDY OF CREEP, CREEP-FATIGUE, 
AND THERMAL-STRESS-FATIGUE IN AIR- 
FRAMES SUBJECT TO AERODYNAMIC HEAT- 
ING. Joseph Padlog and Arthur Schnitt. USAF 
WADC TR 58-294 [AD 211651], July, 1958. 222 
pp. 202 refs. Examination of methods for pre 
dicting creeps deformation, creep-rupture, 
creep-fatigue, and creep-buckling under inter- 
mittent or cyclic temperature and load conditions, 
using isothermal constant-load or cyclic load 
data. A procedure is formulated for the deter- 
mination of optimum design curves for multiweb 
structures when creep-buckling of the compres- 
sion cover is the predominant mode of failure. 
Optimum curves are presented for two aluminum 
alloys and a variety of assumed flight plans, and 
for the tension cover and the pertinent modes of 
failure. A tentative elevated-temperature design 
criterion is suggested, and optimum design enve- 
lopes are obtained, from which the criticalness 
of each mode of failure may be ascertained. The 
order of magnitude of permissible creep defor- 

mations for wings is determined and the various 
mechanisms leading to thermal-stress-fatigue 
are discussed; a criterion for the prediction of 
this phenomenon is also presented. 


Plates 


USTALONE NAPREZENIA CIEPLNE W 
PEYTACH. Witold Nowacki. Rozprawy Inzy- 
nierskie, No. 1, 1959, pp. 4-24. In Polish, with 
summaries in English and Russian. Presenta- 
tion of a method for determining stresses ina 
plate of moderate thickness in a temperature 
field, using Green's function of the differential 
equation of the problem. For a number of sim- 
ple cases such as that df infinite plate, plate 
strip, plate wedge, etc., bending moments and 
torques are determined for a continuous and 
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discontinuous temperature field. Finally, ther- 
mal stresses are discussed for a few cases of 
plates resting on an elastic foundation. 


THEORETICAL AND EXPERIMENTAL STUD- 
IES OF THE STRESSES AND STRAINS AROUND 
CUTOUTS IN LOADED, UNEVENLY HEATED 
PLATES. Appendix A - DETAIL DEVELOP- 
MENT OF ANALYTICAL METHOD. Appendix 
B - THE TEST FACILITY. Appendix C - ELE- 
VATED-TEMPERATURE STRAIN-SENSITIVE 
COATINGS. Appendix D - TEST DATA. P.C. 
Huang and C, J. Van Der Maas. USAF WADC 
TR 59-2 [AD 212565], Mar., 1959. 162 pp. Pres- 
entation of a method for calculating the stresses 
and strains in unevenly heated flat plates with 
discontinuities. The method of analysis is lim- 
ited to elastic loads in the plane of the plate and 
to temperature and strain distributions which 
are two-dimensional, Several experiments using 
2024-T4 bare aluminum plates with square cut- 
outs are reported in detail. It is concluded that 
the analytical method has been verified by the 
experimental data, 


Sandwich Construction 


STABILITY OF FLAT, SIMPLY SUPPORTED, 
CORRUGATED CORE SANDWICH PLATES UN- 
DER COMBINED LONGITUDINAL COMPRES- 
SION AND BENDING, TRANSVERSE COMPRES- 
SION AND BENDING, AND SHEAR, L, A. 
Harris and R, R. Auelmann. IAS Natl. Summer 
Meeting, Los Angeles, June 16-19, 1959, Paper 
59-87. 15 pp. Members, $0.50; nonmembers, 
$1.00. Derivation of buckling curves by means 
of the Rayleigh-Ritz energy method in which the 
deflection surface due to shear is assumed to 
be of the same form as the deflection surface 
due to bending and twisting. The solution of the 
eigenvalue problem for the buckling coefficients 
was performed by a matrix iteration procedure 
on an IBM 704 computer. In defining the sand- 
wich, the core shear modulus in the direction of 
the corrugation is assumed to be infinite, whereas 
the corresponding modulus in the crosswise di- 
rection is finite. The skins are assumed to be 
isotropic. The flexural stiffness of the core in 
the longitudinal direction is taken into account. 
The effects on the buckling coefficient of the 
core longitudinal stiffness and of Poisson's ratio 
of the skins are also investigated. 


FLEXURAL VIBRATIONS OF ELASTIC SAND- 
WICH PLATES. Yi-Yuan Yu. Polytech. Inst. 
Bklyn., Dept. Mech. Eng. TN 3 (AFOSR TN 59- 
188) [AD 211219], Mar., 1959. 29 pp. Analysis 
of flexural vibrations by two different methods: 
(1) a flexural theory for sandwich plates, develop 
ed previously, which takes into account the effects 
of rotatory inertia and shear inthe core and 
faces of the sandwich; and (2) an exact elasticity 
theory. For ordinary sandwich plates that have 
relatively thin but heavy and rigid faces, the 
frequency equations may be reduced, and a nu- 
merical example is given. The results of the 
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sandwich-plate theory show excellent agreement 
with those of the elasticity theory, and the for- 
mer are shown to be applicable also to simply 
supported finite plates. It is finally concluded 
that the effects of rotatory inertia and shear 
play an even more important role in vibration 
studies of sandwich plates than in homogeneous 
plates. 


Thermal Stress 


ENERGY METHODS FOR THE ANALYSIS OF 
TEMPERATURE DISTRIBUTIONS AND THER- 
MAL STRESSES IN STRUCTURES. G. Herrmann, 
Columbia U. Dept. Civ. Eng. & Eng. Mech. Inst. 
Flight Struc. TN 2 (AFOSR TN 59-327) [AD 
213675], May, 1959. 12 pp. Presentation of some 
energy theorems of structural analysis in a gener- 
alized form for the case when a part of the stress- 
es is due tothermal effects. The three energy meth- 
ods discussed represent extensions of Green's 
principle for displacements, Castigliano's princi- 
ple for stresses, and Reissner's generalized 
principle for displacements and stresses. These 
methods assume that the temperature distribution 
is known. It is shown further that the tempera- 
ture distribution in the structure itself may be 
determined by the use of analogous energy theo- 
rems, which can be established for both steady- 
state and transient conditions. 


TRANSIENT THERMAL STRESSES IN AN E- 
LASTIC HALF-SPACE, C.H. J. Johnson. 
Australia, ARL Rep. Me.89, Nov., 1958. 15 pp. 
Derivation of expressions for the transient ther- 
mal stress distribution within an elastic half- 
space. Three cases of temperature boundary 
conditions are considered: (a) uniform constant 
temperature on the boundary plane; (b) uniform 
constant heat flux on the boundary plane; and(c) 
radiation to the boundary plane from a medium 
at constant temperature. In all cases it is as- 
sumed that the temperature of the medium is 
zero and the medium is initially unstrained. 


O NEKOTORYKH PROSTRANSTVENN YKH 
ZADACHAKH TERMOUPRUGOSTI. Vitol'd No- 
vatskii. Prikl. Mat. i Mekh., May-June, 1959, 
pp. 456-467.: In Russian. Study of thermal 
stresses due to the effect of nonstationary heat 
sources arbitrarily distributed in elastic and 
viscoelastic media. The derivation of Green's 
functions for stresses produced by instantaneous 
concentrated heat sources is analyzed, and the 
state of stress in perfectly elastic and viscoelas- 
tic bodies is studied. 


THERMAL STRESS PROPAGATION IN VISCO- 
ELASTIC BODIES, I, W. Nowacki. Acad. Pol. 
Sci. Bul., Tech. Sci. Ser., No. 4, 1959, pp. 
257-263, Presentation of an analysis assuming 
that: (a) an instantaneous source of heat acting 
in an infinite visco-elastic space results in a 
temperature and stress field; (b) the visco-elas- 
tic medium, of linear characteristic, is isotrop- 
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ic and homogeneous; and (c) the deformations are 
small and the physical constants are independent 
of temperature. A displacement equation is de- 
rived on the basis of Biot and Berry's relations 
and the potential of thermoelastic strain is intro- 
duced, After application of the inverse Laplace 
transformation, the relation between the state of 
stress and that of strain is determined. 


A METHOD FOR SOLVING LINEAR THERMO- 
ELASTIC PROBLEMS, R. J. Knops. J. Mech. 
& Phys. Solids, June, 1959, pp. 182-192. 10 
refs. Development of a method depending upon 
the thermoelastic equations being identical in 
form to the equations obtained by subtracting 
those of the isothermal elastic state for two ar- 
bitrary values of Poisson's ratio, The identity 
is used to formulate the relation between two 
problems, and the procedure is illustrated on the 
case of the half-space and a space bounded by two 
infinite parallel planes. A sketch is given of the 
procedure to be adopted and a new solution is 
presented for the thick plate with stress-free 
boundaries, 


CREEP BUCKLING OF PLANE FRAME- 
WORKS, Jan Hult. KTH Trans. 136, 1959. 30 
pp. ll refs. Study of (a) the problem of linear 
viscoelastic creep buckling in structures with 
members of arbitrary cross sections in analogy 
to elastic buckling theory and (b) that of nonlinear 
creep buckling in structures with idealized H 
cross sections where all deformation is concen- 
trated in creep hinges. A mechanical model is 
used to study the second case. 


Wings 


ANALYSIS OF LOW-ASPECT-RATIO AIR- 
CRAFT STRUCTURES, Ch. H. Samson, Jr., 
and H. W. Bergmann, IAS Natl, Summer Meet- 
ing, Los Angeles, June 16-19, 1959, Paper 59-88. 
Members, $0.50; nonmembers, $1.00. 27 pp. 

14 refs, Presentation of two methods providing 
reasonable values for deformations and stresses 
of complex built-up low-aspect-ratio aircraft 

structures, The same structure, idealized as a 


network of flexural members with interconnected . 
torsion boxes, is used in both cases for analytical Pea 
purposes. The first method, based upon the prin- a 
ciple of consistent distortion, considers the entire _ 
assemblage of structural elements and requires “ 
the inversion of a single structural matrix charac- a 


terizing the complete structure. The second meth- 
od, which utilizes the concept of transfer matrices, 
deals with segments of the structure and avoids the 
necessity of inverting high-order matrices. Com- 
parisons of theoretical results by both methods 
with experimental data and electric analog solutions 
are favorable. 


THERMODYNAMICS 


Combustion _ 


THE EFFECT OF PRESSURE ON THE BURN- 
ING VELOCITY OF VARIOUS GAS MIXTURES 
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(MEASURED BY THE SOAP BUBBLE METHOD). 
W. A. Strauss and Rudolph Edse. USAF WADC TR 
58-464/[AD 211031}, Dec., 1958. 38 pp. 10 refs. 
Description of experiments conducted with various 
gas mixtures at room temperature over a pres- 
sure range between 1 and 90 atm. by means of the 
constant-pressure bomb method. The results 
show that mixtures whose adiabatic flame tem- 
peratures increase with pressure also have burn 
ing velocities which increase with pressure. 
Conversely, mixtures whose flame temperatures 
increase little or not at all with increasing pres- 
sure have burning velocities which decrease with 
increasing pressure. It is found that the effect 
of pressure on the burning velocities of premixed 
gas mixtures can be explained by the effects of 
pressure on the rate of diffusion of active radi- 
cals, on the rate of heat transfer from burned 

to unburned gas, and, in cases where a chemi- 
cal reaction is the rate determining process, by 
the effect of pressure on this chemical reaction. 
The rate at which the burning velocities decrease 
or increase depends on the particular systemand 
its mixture ratio. 


CORRELATION AND PREDICTION OF 
FLAME PROPERTIES WITH SPECIAL REFER- 
ENCE TO LIQUID HYDRAZINE, Melvin Gerstein 
(ARS 13th Annual Meeting, New York, Nov. 17-2], 
1958.) ARS J., July, 1959, pp. 514-519. Survey 
of available data and discussion of the application 
of existing correlations to the liquid hydrazine 
decomposition flame, covering such aspects as 
flame velocity, quenching distance, and the rela 
tion between flame velocity and quenching dis- 
tance. It is shown that this type of flame, using 
a propellant with relatively simple flame kinet- 
ics which can support a flame when introduced 
either as a liquid or a gas, may be used to re- 
late gas phase combustion studies and combus- 
tion of condensed phases, such as liquid and 
solid monopropellants. 


THE STABILITY OF PROPELLANTS AND 
THE THEORY OF THERMAL IGNITION, Irvin 
Glassman. (4th Monopropellant Symposium, 
New York, May 5, 6, 1959.) Princeton U. Dept. 
Aero. Eng. Lab. Rep. 460 (AFOSR TN 59-586) 
‘LAD 217185], May, 1959. 19 pp. 12 refs. De- 
scription of the concept of stability by consider- 
ing the fundamentals of the stability process in 
the light of thermal ignition theory. The limit- 
ing case of purely conductive heat transfer which 
takes place at small values of the Grashof crite- 
rion is considered, and the parameters describ- 
ing the ignition criteria are derived from the 
heat conductance equation developed earlier. In 
the stationary theory only the temperature dis- 
tribution throughout the reactant is considered 
and its change with time is not taken into account 
In the nonstationary theory, the spatial distribu- 
tion is not taken into consideration, but a mean 
temperature of the reactant or reactants, as- 
sumed to be equal at all points in the substance, 
is introduced and its dependence on time is ex- 
amined, 
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JSME Bul., May, 1959, pp. 197-209. 


Heat Transfer 


HEAT TRANSFER IN THE RAREFIED GASES, 
I, Il. Tetsuo Fujimoto and Kichiro Takao. 
10 refs. 
Derivation of a formula, based on Maxwell-Boltz- 
mann's equation, for solving the steady, one-di- 
mensional heat transfer between two parallel 
plates in a rarefied gas as a function of the dis- 
tance from the wall. The simplifying assump- 
tions introduced into the solution of the basic e- 
quation are stated, the six constants involved in 
the temperature-distribution formula are deter- 
mined, and a comparison is made between theo- 
ry and experiment. 


VTOL & STOL 


WIND TUNNEL TESTS OF SEVERAL DUCT- 
ED PROPELLERS IN NON-AXIAL FLOW, W. J. 
Gill. Hiller Aircraft Adv. Res. Div. Rep. ARD- 
224, Apr. 20, 1959. 386 pp. 10 refs. Navy- 
sponsored measurements of total aerodynamic 
forces and moments, the forces and moments 
acting on the duct itself, and the power supplied 
to the propellers. The models were tested at 
advance ratios of 0, 0.05, 0.10, and 0.15 with 
the duct axis tilted through a range of angles be- 
tween 0°and 90°, Detailed velocity surveys were 
conducted in the slipstream, and vanes mounted 
in the slipstream were tested. Four ducts were 
tested in combination with three different sets 
of contrarotating, adjustable-pitch propellers. 
Three of the ducts had airfoil profiles (one with 
an exit diffuser), and the fourth consisted of a 
circular cylinder with a bell-mouth inlet formed 
by a lemniscate curve. The data are presented 
in the form of coefficients based on propeller tip 
speed, duct area, and propeller radius -- except 
for the duct alone (ring wing) data, for which the 
coefficients are based on tunnel air speed. In 
addition, slipstream flow survey data are 
presented in tabular form. 


A POWER PLANT MAN'S LOOK AT THE 
GROUND EFFECT MACHINE. R. W. Pinnes. 
(US, NAVAER Rep. DR-1958, Apr., 1959.) 
AHS J., July, 1959, pp. 3-25. Analysis of the 
augmentation ratio due to ground effect that has 
been considered as approaching infinity as the 
height-to-diameter ratio approaches zero. It 
is demonstrated that such high augmentation 
ratios will not be obtained, and that they in- 
crease only up to acertain point. Beyond this 
point, the augmentation ratio actually decreases 
if the height-to-diameter ratio continues to be 
reduced to zero. These conclusions are based 
on a detailed flow analysis of the annular jet, 
considering the flow variations across the jet 
thickness. The concept of a fan augmentation 
ratio is developed, and it is shown that the op- 
timum design (maximum lift force per installed 
horsepower) is actually a compromise between 
ground effect augmentation ratio and fan augmen- 
tation ratio. This is illustrated by means of a 
specific example. 
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THE WORLD’S MOST RESOURCEFUL INSTRUMENT MEN... 


designing chance and error 
out of tomorrow's flight 


Weston brings matchless experience to the 
development and production of instruments, 
components and systems of proved reliability 


Please direct your inquiries to the Weston repre- 
sentative nearest you . . . or write to Daystrom- 
Weston Sales Division, Newark 12, N. J. In Can- 
ada: Daystrom Ltd., 840 Caledonia Rd., Toronto 
19, Ont. Export: Daystrom Int’l., 100 Empire St., 
Newark 12, N. J. 


WESTON 


WORLD LEADER IN MEASUREMENT AND CONTROL 


FIELDS OF SPECIALIZED EXPERIENCE: INSTRUMENTATION 
« COMPUTERS - DEPOSITED MAGNETIC FILMS - TEMPERA- 
TURE, SPEED AND LIGHT MEASUREMENT - RECORDERS 
AND CONTROLLERS - ELECTRONIC TEST EQUIPMENT 
« STANDARDIZATION AND CALIBRATION EQUIPMENT 


A DAYSTROM UNIT 
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TAKES 
WATCHING! 


That’s why the U.S. Navy will send eyes aloft to scan 
the seas and skies beyond our shores. The eyes, with 
this special kind of vision, are early warning aircraft. 
Many will be WF-2 “Tracers”, produced for the Navy 
by Grumman. 


WF-2’s ‘“‘see” via a saucer-shaped radome that 
houses super-sensitive, long-range electronic detec- 
tion equipment. Operating from aircraft carriers far 
out at sea, “Tracers” patrol the extremities of our 
defense perimeter. And, detect the approach of air- 
craft or missiles that might invade the privacy of a 
nation’s peace. 


Bethpage - Long Island - New York 


Electronics Engineers, for career opportunities 
at Grumman Aircraft, see page 129. 


Low-flying “enemy” aircraft or missiles are unde- 
tected by ground radar because, as the diagram 
shows, the range of ground-level radar extends no 
further than the horizon. 


Detection range is increased appreciably when the 
radar detection equipment is airborne directly over 
the ground installation. 


The scope and effectiveness of radar detection are e 
extended dramatically with WF-2’s operating off - 
fast, mobile and far-ranging aircraft carriers at sea. oe 
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R. N. Rubinshtein and V. 1. Fistul’. 
Dokl., Mar. 21, 1959, pp. 542-545. 


AN SSSR 
In Russian. 
Application of the ‘‘wedge’’ method to the deter- 
mination of surface conductivity in semicon- 
ducting crystals 

Using Silicon Diodes in Radar Modulators. 


M. G. Gray. Electronics, June 12, 1959, pp. 
70-72. Discussion of the advantages of using 
silicon diodes instead of vacuum tubes in radar 
modulators. Diode clipper application and far- 
end-of-line clipping are also discussed. 


Rentgenovskoe Issledovanie Raspada Peesy- 
shchennykh Tverdykh Rastvorovs Maloi Rastvori- 
most’iu; Raspad Peresyshchennogo Tverdogo 
Rastvora Medi v Germanii. A. M. Elistratov 
and P. R. Kamadzhiev. AN SSSR_ Dokl., 
Mar. 21, 1959, pp. 538-541. In Russian. 
Description of x-ray studies to determine the 
decomposition of oversaturated solid solutions 
characterizied by low solubility. The case of 
copper solution in germanium is covered. 


O Sviazi Mezhdu Konstantami Vzaimodeistviia 
Elektronov s Fononami i s Primesiami v Metal- 
lakh. V.L. Bonch-Bruevich, AN SSSR Dokl., 
Feb. 21, 1959, pp. 1,233-1,235. In Russian. 
Determination of the relationship between the 
constants characterizing the interaction of elec- 
trons with phonons and with the impurities in 
metals 

O Poluchenii Monokristallov Splavov Ger- 
maniia s Kremniem. I. N. Belokurova, M. G. 
Kekua, D. A. Petrov, and A. D. Suchkova. 
AN SSSR Otd. Tekh. Nauk Isv. Metall. i Toplivo, 
Jan.-Feb., 1959, pp. 9-12. In Russian. De- 
velopment of two methods for obtaining mono- 
crystals of homogeneous germanium-silicon 
alloys. The semiconducting properties of in- 
dividual specimens are evaluated and the test 
equipment is described. 


Telemetry 


Consideration of RF Parameters for PCM 
Telemetry Systems. D. D. McRae. JRE 
Trans., SET Ser., June, 1959, pp. 61-65. Study 
showing that with proper selection of parameters, 
the bandwidths and sensitivity of a PCM system 
(pulse-code modulation) may be made comparable 
with those of other existing telemetry systems. 

Short-Distance Radio Telemetering of Physio- 
logical Information. H. G. Beenken and F. L. 
Dunn. (JRE Trans., ME Ser., Dec., 1958.) 
IRE Trans., SET Ser., June, 1959, pp. 82-86. 
Reprint. Description of a completely transistor- 
ized transmitter and a receiving system weighing 
less than two Ibs. 

Optimal’nye po Pomekhoustoichivosti Para- 
metry Sistem Teleizmereniia. V. A. Kashirin. 
Avtom. i Telemekh., Feb., 1959, pp. 226-238. In 
Russian. Determination of the optimum param- 
eters of neise-stability in telemetering sys- 
tems. 

O Pomekhoustoichivosti Chastotno-Impul’s- 
nogo Teleizmereniia. N. V. Pozin. Aviom. i 
Telemekh., Oct., 1958, pp. 968-976. In Russian. 
Study of the noise stability of pulse-frequency 
telemetering systems. 


Transmission Lines 


Izluchenie Modulirovannogo Puchka Zaria- 
zhennyka Chastits pri Prolete Cherez Krugloe 
Otverstvie v Ploskom Ekrane. Iu. N. Dnestrov- 
skii and D. P. Kostomarov. AN SSSR Doki., 
Feb. 1, 1959, pp. 792-795. In Russian. Calcu- 
lation of the radiation from a modulated beam of 
charged particles passing through a circular hole 
in a plane screen. 


Wave Theory 


Radiation from Ring Sources in the Presence of 
‘a Semi-Infinite Cone. L. B. Felsen. JRE 
Trans., AP Ser., Apr., 1959, pp. 168-180. 19 
refs. USAF-sponsored research. 
ee Phenomena in Space Communications. 
J. Tischer. (4th | es Aero-Commun. Sym- 
th Utica, Oct. 21, 1958.) IRE Trans., 
CS Ser., May, 1959, pp. 25-30. USAF-sup- 
ported discussion of undesired effects of the Dop- 
pler shift and of some useful applications. 
General relations are derived for the Doppler shift 
which permit consideration of space-flight con- 
ditions. Evaluation of Doppler measurements in 
satellite tracking is considered as an example. 


Correlation Function and Power Spectra of 
Radio Links Affected by Random —— 
Noise. D. S. Bugnolo. JRE Trans., AP Ser.. 
Apr., 1959, pp. 137-141. AFOSR- supported 
research. 

Diffraction by a Smooth Object. I— Application 
- the Geometrical Theory of Diffraction. II— 

See Expansions of Exact Solutions of 

raction Problems. B. R. Levy and J. B. 
a Commun. on Pure & Appl. Math., 
Feb., 1959, pp. 159-209. 14 refs. USAF-sup- 
ported research. 

Diffraction an Imperfectly_ Conducting 
Wedge. T. A. Senior. Commun. on Pure & 
Appl. Math., pod 1959, pp. 337-372. 13 refs. 
USAF- supported analysis of the diffraction by a 
metallic body taking into account conductivity. 
The differential equation and boundary conditions 
are expressed as‘a difference equation for the 
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determination of a regular function whose real 
part represents the velocity potential. 


Eksperimental’noe Issledovanie Rasseianiia 
Zvuka v Turbulentnoi Atmosfere. M. A. 
Kallistratova. AN SSSR Dokl., Mar. 1, 1959, 
pp. 69-72. In Russian. Experimental investi- 
gation of the scattering of sound waves in a tur- 
bulent atmosphere. The results of measurements 
are presented, and a detailed description of the 
equipment and methods used is given. 


Aperture-to-Medium Coupling on Line-of- 
Sight Paths: Fresnel Scattering. E. Levin, 
R. B. Muchmore, and A. D. Wheelon. JRE 
Trans AP Ser., Apr., 1959, pp. 142-146. 
Analysis of the phase variations induced in a 
receiver by the essential coupling between the 
propagation medium and the receiver. 


Equipment 


Flexible Hose—A Status Report. E. M. 
Ramberg. Aircraft & Missiles Mfg., July, 1959, 
pp. 6-10 


Electric 


L’ ‘Equipement Electrique du Bristol ‘‘Britan- 
nia.’’ IV. éseaux Electriques de Démarrage 
et de Commande des Turbomachines. H. 
Lanoy. Docaéro, Mar., 1959, pp. 43-52. In 
French. Survey of the electric equipment of the 
Bristol Britannia transport aircraft including 
starters, thrust control systems, and amplifiers, 
as well as systems controlling the opening of the 
gas admission valve, the speed of rotation of the 
compressor, and the turbine temperature. 


Three-Phase Induction Motors. C. H. Buch- 
anan. Mach. Des., June 25, 1959, pp. 107-113. 
Comparison of standard induction motors and 
analysis of starting methods to be used as a 
selection guide. 

Aircraft Switchgear. W. G. Bourne. SLAE 
J., May, 1959, pp. 3-8. Description of switch- 
gear design and operation and discussion of future 
trends. The choice of a contact making and 
breaking system and the effect of altitude are 
considered 

Calcul de 1’Echauffement des Machines Elec- 
triques Tournantes Fonctionnant en Altitude; 
Machines Autoventilées—-Machines Fermées. 
Y. Faés. Docaéro, May, 1959. pp. 39-48. In 
French. Discussion of the basic principles of a 
method for calculating the heating of airborne 
electric equipment, both under ground and flight 
operating conditions. For the application of 
the method two specific types of equipment are 
indicated 

Die elektrische Bordanlage der Vickers ‘‘Van- 
guard.’’ H. Zeffert. Luftfahrttechnik, Mar. 15, 
1959, pp. 79-82. In German. Outline of the 
electric equipment for the Vickers Vanguard 
including the main and emergency power supply, 
installation of various systems, and related prob- 
lems 

Pradnice Pradu Zmiennego Stosowane na 
Samolotach. Kwiryn Zuchowicz. Tech. Lotnt- 
cza, Jan.-Feb., 1959, pp. 2-9. 1llrefs. In Polish. 
Survey of the electrical equipment used in aircraft, 
including design, installation, and cooling prob- 
lems. 


Hydraulic & Pneumatic 


Continuous Air Source Units Will Meet In- 
creased Jet Aircraft Servicing Needs. F. P. 
Carr, Jr., and Stanley Kalikoff. SAE J., 
June, 1959, pp. 48-51. Discussion of the char- 
acteristics and performance of such ground-based 
units as engine starting units, cabin air con- 
ditioning units, and combinations of the two 
types 

Hydraulics for a High Performance Aircraft— 
Why and How. D. Royston. (JAS-CAI Joint 
Meeting, Ottawa. Oct. 7. 8, 1958.) Can. Aero. J.. 
June, 1959, pp. 233-242. 19 refs. Discussion of 
the steps involved in choosing an optimum power 
supply for flight controls and utility services of a 
supersonic interceptor aircraft. 


Issledovanie K harakteristik Struinykh Elemen- 
tov Pnevmoavtomatiki. L. A. Zalmanzon and 
A. I. Semikova. Avtom. i Telemekh., Apr., 1959, 
pp. 447-467. In Russian. Investigation of the 
characteristics of pneumatic stream elements 
based on free turbulent flow properties. The 
applicability of such elements in pneumatic 
systems is illustrated. 


Fuels & Lubricants 


NACA Research on Slurry Fuels. M. L. 
Pinns, W. T. ee H. C. Barnett, and R. 
Breitwieser. U.S., NACA Rep. 1388, 1958 
24 pp. 48 refs. Supt. of Doc., Wash., $0.30. 
Summarized description of the NACA research 
program conducted from 1947 to 1957 in order 
to investigate the use of concentrated slurries 
of boron and magnesium in liquid hydrocarbon 
as fuels for afterburners and ram-jet engines. 


Gas Solubility Studies of Jet Fuels. A. T. 
Polishuk, R. M. 7’ and J. L. Jezl. SAE 
J., June, 1959, pp. 72, Presentation of data 
= solubility of nitrogen, oy and carbon in jet 
uels. 
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The Behaviour of Fluid Films Under Shock 
Loading Conditions. II—-Silicone Fluids. Ap 
pendix I—Dielectric Constants of Silicone Fluids 
at 2 Mc/sec. Appendix II inimum Film 
Thicknesses of Silicone Fluids at an Impact 
Velocity of 65 cm/sec. Appendix I11—Velocity 
of Impact v., Maximum Impact Pressure, p, 
and Corresponding Minimum Film Thickness, 

S. Atkinson. Gt. Brit., RAE Rep 
Chem. 517, Jan., 1959. 20 pp. 15 refs. 


Thermal Conductivity of Lubricating Oils and 
Hydraulic Fluids. Appendix I—The Thermal 
Conductivity Cell. Appendix 1I—Thermocouples. 
Appendix III—Stability Test. Appendix IV— 
Calculation of k from Data. Appendix V— 
ae of Cell. D. W. McCready. USAF 
WADC TR 58-405 [AD 211693], Mar., 1959. 
5l pp. 11 refs. 

Les Dérivés Hydrogénés du Bore. J. Cueil- 
leron. (Chimie & Industrie, Nov., 1958.) Tech. 
& Sci. Aéronautiques, Dec., 1958, pp. 277-283. 
In French. Survey covering the research on 
hydrogen compounds of boron, methods of 
preparation, chemical and physical properties, 
and the molecular structure. Reactions leading 
to the formation of other organic compounds of 
boron with carbon, nitrogen, and hydrogen are 
briefly discussed. 

Les Tendances Actuelles de la Chimie des 
Propergols. Roger Lévy. (Chimie & Industrie, 
Jan., 1959.) Tech. & Sci. Aéronautiques, Dec., 
1958, pp. 269-275. In French. Survey of cur- 
rent trends in the chemistry of propellants based 
on current requirements of rocket propulsion 
units. Properties of various propellant types are 
discussed, and the parameters for typical systems 
are tabulated. 


Instruments 


A New lgpecoent for the Determination of 
Molecular Weight by Differential Vapor Pres- 
sure. N. M. Wiederhorn, J. H. Vreeland, and 
R. R. Perron. USAF WADC TR _ 58-623 
[A D 211914], Mar., 1959. 32 pp. 


Allgemeine Flugzeug-Bordinstrumentierung. 
(AFZ Av. Conf., ened, Mar. 25, 1958.) 
AFZ Rep. 1/58, 1958. 121 pp. In German. 
Compilation of papers on aircraft instruments in- 
cluding flight instruments; panel arrangement 
for transport and fighter aircraft; engine instru- 
ments; and navigation devices. 

Hot Wire Method for Visualizing Intense 
Stationary Sound Waves. R. M. Fand and J. 
Kaye. ASA J., June, 1959, pp. 810, 811. De- 
velopment of a simple visualization method using 
a thin electrically heated wire and depending upon 
coupling between thermal and acoustic effects. 
The nodes and antinodes of the sound waves 


. appear as a series of alternate incandescent and 


dark areas on the wire. 

Mésures Dynamiques par Impulsions sur 
Ponts de Jauges ultiples. M. Pagny. La 
Recherche Aéronautique, Mar.-Apr., 1959, pp. 
39-42. In French. Description of a dyna- 
mometer used for the calibration of static or 
dynamic forces generated by structural vibrators. 


Accelerometers 


Table Vibrante 4 Basse Fréquence pour 1’Eta- 
lonnage Dynamique des Accélérométres. L. 
Lemoine. La ae Aéronautique, Mar.- 
Apr., 1959, pp. 37. In French. Survey 
covering the el of dynamic accelerometer 
calibration, including evaluation of possible 
solutions and description of the ONERA vibrat- 
ing platform particularly suitable for low fre- 
quency research. 


Flight Instruments 


Automatic Range Prediction in Flight. M. 
A. Hoffman and H. L. Pastan. Aero/Space 
Energ., Aug., 1959, pp. 47-53. Discussion 
of the advantages of an automatic computation 
system for range prediction over manual calcu- 
lations by a pilot. Such problems as sources 
of error and random effects are also analyzed. 


Gyroscopes 


On the Stability of Motion of a Gyroscope on 
Gimbals. II. V.V. Rumiantsev. (Prikl. Mat.i 
Mekh., July-Aug., 1958, pp. 499-503.) PMM— 
Appl. Math. & Mech., No. 4, 1958, pp. 694- 
708. Translation. 


Panels & Dials 


Integrated Panel Marks Major Change. W.S. 

Reed. Av. Week, July 6, 1959, pp. 54, 55, 
57-66 (ff.). Discussion of the development and 
features of the Integrated Flight Instrument 
Panel designed to display aircraft performance. 
The flight evaluation of the panel is discussed 
along with some criticism of the system. 


Spacing of On-Off Controls. II—Toggle 
Switches. J. V. Bradley and R. A. Wallis. 
USAF WADC TR 58-475 [AD 212270], Mat., 
1959. 21 pp. 

Electroluminescent Panels for Automatic 
Displays. R.C. Lyman and C. I. Jones. Elec- 
tronics, July 10, 1959, pp. 44-47. 
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Pressure Measuring Devices 


Measurement of on Aircraft. 
William Gracey. U.S NACA Rep. 1364, 
1958. 23 pp. 51 refs. ’ Supt. of Doc., Wash., 
$0.25. Presentation of existing data on the 
errors involved in the measurement of static 
pressure by means of static-pressure tubes and 
fuselage vents. 


Recording Equipment 


Tape Systems. J/»:struments & Control Systems, 
June, 1959, pp. 892-894. Brief description of 
various magnetic tape systems showing possible 
applications. 


Tachometers 


Asinkhronnyi Takhometr kak Datchik Uglovykh 
Uskorenii. S. T. Kazarian. Avtom. 1 Tele- 
mekh., May, 1959, pp. 676-681. In Russian. 
Study of an asynchronous tachometer and _ its 
application as angular velocity indicator. 


Machine Elements 


Bearings 


Investigations on the Operating Characteristics 
of Journal-Bearings Made of Various Materials. 
Gh. Vasilea and Al. Nica. (Stud. Cerc. Mec. 
Aplic., No. 2, 1958.) Rev. Méc. Appl., No. 4 
1958, pp. 481-491. 


Rotating Discs & Shafts 


Sulla Ricerca delle Tensioni a Regime ed in 
Periodo Transitorio in Dischi Rotanti e Soggetti 
ad Azioni Termiche. P. G. Innocenti. L’ Aero- 
tecnica, Feb., 1959, pp. 25-37. 22 refs. In 
Italian. Calculation of transient and stationary 
stresses in a rotating disc of elastic material with 
variable thickness and temperature distribution 
in a form suitable for solution by digital computer. 
The functions representing the solution are 
studied. 


Maintenance 


Early Experience with Ground Equipment for 
the Boeing 707. P. G. Neelsen. Esso Air 
World, Mar.-Apr., 1959, pp. 119-124. De- 
scription of the specialized ground equipment for 
handling and servicing jet airliners. 


Neuere Entwicklungen in der Flugzeug-Abfer- 
tigungstechnik. J. Doetsch. Luftfahrttechnitk, 
Mar. 15, 1959, pp. 83-88. In German. Discus- 
sion of new developments in handling techniques 
for jet aircraft. 


Materials 


Ceramics & Ceramals 


A Survey of Ceramic-to-Metal Bonding. G. 
R. Van Houten. Am. Ceram. Soc. Bul., June. 
1959, pp. 301-307. 142 refs. Discussion of the 
development of ceramic oxide-metal bonding. 
Large differences in thermal coefficients of ex- 
pansion and the difficulty in finding brazes which 
wet ceramic surfaces are studied. 


Plasma Arc Process Coats and Forms Re- 
fractory Materials. Space/Aeronaulics, July, 
1959, pp. 105, 107-109. Description of a tech- 
nique for applying coatings of such materials 
as tungsten and alumina, and using these materials 
for the forming of parts. 


Corrosion & Protective Coatings 


Stress Corrosion—-The Engineer’s View. P. 
H. Wall. AeS J., June, 1959, pp. 354-365. 
14 refs. Study covering the mechanism of stress 
corrosion, the choice of material, problems of 
detail design and manufacture, and the impli- 
cations of an incomplete solution to the corrosion 
problem. 


Metals & Alloys 


Compressive Strength of Stainless-Steel Sand- 
wiches at Elevated Temperatures. Appendix 
A—Local Buckling Stresses for Corrugated-Core 
Sandwiches. Appendix B—-Maximum (Crip- 
pling) Stresses for Corrugated-Core Sandwiches. 
Appendix C—Buckling Strength of Sandwich 
Columns. Appendix D—Effective Stress-Strain 
Curves. E. E. Mathauser and R. A. Pride. 
ve NASA Memo. 6-2-59L, June, 1959. 50 


a Fazovom Sostave Splavov Sistemy Kobal’t- 
Bor. P. T. AN SSSR_ Doki., 
Feb. 21, 1959, pp. 1,247-1,250. In Russian. 
Description of a technique to determine the phase 
composition of alloys in the cobalt-boron system. 


Izmenenie Substruktury Metallov pri Mnogo- 
kratnom Tsiklicheskom M. Ia. 
Gal’perin, E. P. Kostiukova, and B. M. Rovin- 
skii. AN SSSR Otd. Tekh. Nauk Izv. Metall. i 


Toplivo, Mar.-Apr., 1959, pp. 56-61. 14 refs. 
In Russian. Investigation covering the changes 
in the substructure of metals under repeated 
cycling loading. 

Notch Sensitivity—Barrier to Solid Rockets. 
I. Missiles & Rockets, June 8, 1959, pp. 23- 
25. Discussion of the effect of notch sensitivity 
on solid propellant casing and description of some 
characteristics of the phenomenon. Primary 
test results indicate that a higher notch strength 
can be obtained by heat treating to a somewhat 
jower unnotched strength level. 


Selection and Evaluation of Rare or Unusual 
Metals. II—The Metallurgy of Yttrium and the 
Rare Earth Metals. Bernard Love. USAF 
TR 57-666, Pt. II [AD 211847], Mar., 1959. 
168 pp. 62 refs. 

Microstructure Affects Steel Fatigue Strength. 
Space/ Aeronautics, July, 1959, pp. 85, 86, 88 
90. Study indicating that fatigue strength 
decreases with increasing amounts of retained 
austenite. 


Izuchenie Deformatsii Nikelia pri Polzuchesti. 
E. A. Minkina, N. V. Preobrazhenskaia, and V. 
M. Rozenberg. AN SSSR Otd. Tekh. Nauk 
Izv. Metall. i Toplivo, Mar.-Apr., 1959, pp. 48 
55. 16 refs. In Russian. Investigation of the 
deformation of nickel in the presence of creep, 
including analysis of experimental results and 
specification of grain requirements in the develop- 
ment of high-temperature alloys. 


Development of Niobium-Base Alloys. I, II. 
T. Begley. USAF WADC TR _ 57-344, 
Pis. [aD 155583; AD 210258], May, 1958: 
Mar., 1959. 104; 180 pp. 142 refs. Discussion 
of mechanical properties, preparation, and weld- 
ing of niobium, as well as development of analyti- 
cal techniques. 


O PrzewodnoSci Cieplnej Niektérych Mate- 
riattw Stosowanych w PrzemySle Lotniczym. 
Antoni Rogulski. Tech. Lotnicza, Jan.-Feb., 
1959, pp. 14-18. 20 refs. In Polish. Study of 
the thermal conductivity of some materials used 
in aircraft industry. 

Boron and Zirconium from Crucible Refrac- 
tories in a Complex Heat-Resistant Alloy. R. F. 
Decker, J. P. Rowe, and J. W. Freeman. U.S., 
NACA Rep. 1392, 1958. 38 pp. 49 refs. 
Supt. of Doc., Wash., $0.40. Investigation of 
the improvement in creep-rupture properties 
from the stabilizing effect of boron and zirconium 
on the grain boundaries of theaalloy. The opti- 
mum amounts of each constituent required for 
good metallurgical practice are also investigated. 


Notch Sensitivity of Aircraft Structural and 
Engine Alloys. II—Further Studies with A- 
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DESIGN FEATURES 


The E-315 capacitor offers proven stability of operation over 
the temperature range of —55° to +315° Centigrade* with no 
voltage derating and low capacitance variation. Of rugged 
hermetically sealed construction and nonstrategic materials, this 
capacitor is built for high altitude and severe environmental 


operation. 


This nonpolarized capacitor is available in a variety of sizes in 
a capacity range of from 0.05 to 4.0 microfarads at 600 VDC. 
It is also available in higher voltage ratings. Performance data 
and operating characteristics are given in Technical Bulletin 
SL-61 which is supplied upon request. 


*Confirmed by qualification test of 1000 hours at 100% rated 
voltage over ambient temperature range of —55° to +315° C, 
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in Production Quantity 


Temperature Range . . . —55° to +315°C. Capacitance... 
0.05 to 4.0 uf at 600 VDC. Voltage Range . . . 600 V to 3000 V 
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Rugged Construction, Nonstrategic Materials, Minimum Size 


and Weight, High Altitude Operation. 
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286 Alloy. H.R. Voorhees and J. W. Freeman. 
USAF WADC TR 57-78, Pt. II [AD 207850}, 
Jan., 1959. 60 pp. 11 refs. 

Issledovanie Kinetiki Spekaniia Nikelia, Medi 
i Mbolibdena Dilatometricheskim Metodom. 
R. S. Mints. AN SSSR Dokl., Feb. 21, 1959, 
pp. 1,240-1,242. In Russian. Results of dila- 
tometric experiments to study the process of 
sintering of nickel, copper, and molybdenum 
powders. 

How to Select the Right Stainless Steel. R.E 
Paret. Mach. Des., June 11, 1959, pp. 162-169. 
Presentation of information on alloy classifi- 
cation, properties, applications of most-used 
types, and available mill shapes and finishes. 


Notch Sensitivity Wall Will Crack. Missiles& 
Rockets, June 22, 1959, pp. 15-17. Discussion 
of the effects of notch sensitivity on rocket 
case design, properties of various steels used, 
japplication of spinning techniques to the form- 
ng of cases, and final testing methods. 


Metals & Alloys, Nonferrous 


Vliianie Molibdena, Khroma i Aliuminiia na 
Prochnost’ Tverdykh Splavov na Nikelevoi i 
Kobal’tovoi Osnove. A. I. Baranov, K. A. 
Bystrova, T. A. Novikova, and V. F. Funke. 
AN SSSR Otd. Tekh. Nauk Izv. Metall. i Toplivo, 
Mar.-Apr., 1959, pp. 43-47. In Russian. Study 
of the effect of molybdenum, chromium, and 
aluminum on the strength of nickel- and cobalt- 
based solid alloys. 


O Vzaimodeistvii Tellure s Antimonidom 
Aliuminiia. M. S. Mirgalovskaia and E. V. 
Skudnova. AN SSSR Otd. Tekh. Nauk Iz». 

Metall. i Toplivo, Mar.-Apr., 1959, pp. 104-108. 
11 refs. In Russian. Description of experi- 
ments to determine the interaction of tellurium 
and aluminum antimony. The study is based 
on the determination of the phase equilibrium in 
Al-Sb-Te systems, and the applicability of AlSb 
to solar batteries is pointed out. 


New Tungsten Know-How Widens Design 
Horizons. Irwin Stambler. Space/ Aeronautics, 
July, 1959, pp. 48-51. Discussion of methods for 
fabricating tungsten including forging, drawing, 
extruding, and spinning. Properties of tungsten 
are given, as well as possible design applications 
of new types of tungsten parts. 

Vliianie Gazosoderzhaniia Rasplava na Gori2- 
chelomkost’ Aliuminievykh Splavov. G. | 
Korol’kov and I. I. Novikov. AN SSSR Otd. 
Tekh. Nauk Izv. Metall. i Toplivo, Mar.-Apr., 
1959, pp. 19-23. 13 refs. In Russian. De- 
scription of tests performed to determine the 
effect of gas content on the heat brittleness of 
aluminum alloys at melting. 

Izmenenie Substruktury Kholodno-Deformiro- 
vannogo Aliuminiia pri Otzhige. E. P. Kostiu- 
kova and B. M. Robinskii. AN SSSR Otd. 
Tekh. Nauk Izv. Metall. i Toplivo, Jan.-Feb., 
1959, pp. 55-59. In Russian. Study of the 
changes in substructure of cold-worked aluminum 
during annealing. 


The New SXXX Aluminum Alloys—Strong 
and Weldable. R.T. Myer and D. R. Cheyney. 
Materials in Des. Eng., July, 1959, pp. 91-95. 
Evaluation of the properties and applications of 
a series of aluminum-magnesium and manganese 
alloys, 

Hydrogen Contamination in Titanium and Ti- 
tanium Alloys. V—Hydrogen Embrittlement. 
D. N. Williams, F. R. Schwartzberg, and R. I. 
Jafiee. USAF WADC TR _ 54-616, Pt. V 
[A D 209378), Feb., 1959. 94 pp. 10 refs. 


Nonmetallic Materials 


Fiberglass Containers for J-57 Engine. USAF 
WADC TR 58-268 [AD 209911|, Feb., 1959. 
65 pp. 10 refs 


Three Major Types of High Strength Adhe- 
sives Approach Bond Strength of Welding, Fas- 
tening. E. F. Hess. Materials in Des. Eng., 
July, 1959, pp. 104-107. 

Polyurethane-Based Adhesives. J. Gros- 
mangin. (France, ONERA NT 29, 1955.) 
Gt. Brit., RAE Lib. Transl. 806, Mar., 1959. 
24 pp 

pee of Improved Nylon Webbings. 
Ch. C. Chu, E. R. Kaswell, and D. J. Doull. 
USAF WADC TR 58-509 [AD 2119/1], Apr, 
1959. 64 pp. 


Structural and Heat Resistant Asbestos 
Reinforced Plastics. D. Rosato. (Brit. 
Plastics Fed. Reinforced Plastics Tech. Cont., 
Brighton, England, Oct. 21-24, 1958.) Brit 
Plastics Fed. Paper, 1958. 31 pp. 

Materials, Techniques, and Economics of 
Foamed-in-Place Polyurethene Cushioning for 
Packaging. Sidney Childers). USAF WADC 
TR 58-601 [AD 211913], Apr., 1959. 30 pp. 

The New Epoxy Molding Materials. M. W. 
Riley. Materials in Des. Eng., June, 1959, pp. 69- 
73. Discussion of properties of epoxy gesins and 
their fabrication by high-speed compression or 
transfer molding techniques. 


Testing Methods 


The Case for Charpy Impact Tests. J. G. 
Olivieri. Mach. Des., June 25, 1959, pp. 135, 


136. Discussion of the application of Charpy 
tests in testing the reliability of dynamically 
stressed parts. 

Raschet Novoi lIacheiki dlia Izmereniia 
Davieniia Nasyshchennykh Parov Metallov. 
Iu. N. Liubitov and V. M. Polianskii. AN 


SSSR Doki., Mar. 1, 1959, pp. 135-138. In Rus- 
sian. Evaluation of two methods used to de- 
termine the thermodynamic characteristics of 
metals and alloys, and calculation of a new cell 
for measuring the saturated vapor pressure of 
metals 


Anizotropiia Rasshireniia Rentgenovskikh 
Difraktsionnykh Maksimumov Tverdykh Rast- 
vorov Medi Posle Deformatsii. L. N. Guseva 
and A. A. Babareko. AN SSSR Dokl., Feb. 1, 
1959, pp. 789-791. In Russian. Study of the 
anisotropy in the broadening of x-ray diffraction 
maxima of solid copper solutions after deforma- 
tion 


Mathematics 


A Simplified Approach to Setting Up and Inter- 
preting Engineering Experiments Based on Sta- 
tistical Methods. I-—-Single-Factor Experi- 
ments. W. G. Hyzer. Mach. Des., June 11, 
1959, pp. 134-141. 

Learning Curves. G. H. Logan. Aircraft & 
Missiles Mfg., July, 1959, pp. 16-20. Discussion 
of time reduction curves used as means for com- 
paring actual production performance with pre- 
dicted performance. 


Algebras 


O Polunormirovannykh Kol’tsakh s Involiu- 
tsiei. Sia Do-Shin. AN SSSR_ Dokl., Feb 
21, 1959, pp. 1,223-1,225. In Russian. Analysis 
covering seminormed rings with involution, using 
previously developed theories. 


Absolute Minimal Expressions of Boolean 
Functions. Shreeram Abhyankar. JRE Trans., 
EC Ser., Mar., 1959, pp. 3-8. 


Differential Equations 


Approximate Solution of Linear Second Order 
Equations. Squire. RAeS 

. June, 1959, pp. 368, 369 

Nekotorykh Otsenkakh v 
Obebshchennc! Zadache Dirikhle. S. N. Bern- 
shtein AN SSSR _ Dokl., Feb. 1, 1959, pp. 
735-738. In Russian. Application of previously 
derived results to a priori estimates in the 
Dirichlet generalized problem. 


Utochnenie Metoda Vozvratnykh Posledo- 
vatel’nostei dlia Issledovaniia Differentsial’nykh 
Uravnenii s Zapazdyveiushchim Argumentom. 
A. D. Myshkis and A. F. Naumovich. N 
SSSR Dokl., Feb. 11, 1959, pp. 976-979. In 
Russian Refinement of the method of recipro- 
cal sequences for the analysis of differential 
equations with lagging argument. 


Usloviia Kolebatel’nosti i Nekolebatel’nosti 
dlia Lineinykh Kanonicheskikh Sistem Dif- 
ferentsial’nykh Uravnenii. V. A. Iakubovich. 
AN SSSR Dokl., Feb. 11, 1959, pp. 994-997. 
In Russian. Determination of the oscillation 
or nonoscillation conditions for linear canonical 
systems of differential equations. 


Predel’nyi Tsikl v Trekhmernom Prostranstve 
s Odnim Kharakteristicheskim Pokazatelem, 
Otlichnym ot Nulia. R.M. Mints. AN SSSR 
Dokl., Mar. 1, 1959, pp. 38-41. In Russian. 
Analysis covering the behavior of trajectories in 
the neighborhood of periodic solutions for a sys- 
tem of three differential equations with analytical 
right-hand sides. The case of only one char- 
acteristic exponent of the periodic solution being 
different from zero is covered. 


Ob Osobennostiakh Reshenii Lineinykh Urav- 
nenii v Chastnykh Proizvodnykh s Postoian- 
nymi Koeffitsientami. L. . Chudov. AN 
SSSR Dokl., Mar. 21, 1959, pp. 504-507. In 
Russian. Determination of singularities in the 
solutions of linear partial differential equations 
with constant coefficients. 


Ob Analiticheskikh Resheniiakh Uravnenii v 
Cnastnykh Proizvodnykh s Postoiennymi Koef- 
fitsientami. M. S. Agranovichh AN SSSR 
Dokl., Feb. 21, 1959, pp. 1,183-1,186. In Rus- 
sian. Derivation of analytical solutions for 
partial differential equations with constant com- 
plex coefficients. 


Asimptoticheskoe Povedenie Reshenii Pochti 
Treugol’nykh Sistem Lineinykh Raznostnykh i 
Differentsial’nykh Uravnenii. P. I. Koval’. 
AN SSSR Dokl., Feb. 21, 1959, pp. 1,203- 
1,206. In Russian. Study of the asymptotic 
behavior of solutions for almost triangular sys- 
tems of linear difference and differentia! equations. 

A Special Method for Determining the Power 
Spectral Densities of the Solutions of Linear 
Differential Equations with Stochastic Right 
Member end Coefficients Consisting of Poly- 
nomials in the Independent Variable. Mauritz 
— KTH Aero. TN 49, Oct., 1958. 

pp 

Priznaki Ogranichennosti Reshenii Lineinykh 
Differentsiel’nykh Uravnenii s Neskol’kimi 
Zapazdyvaniiami Argumenta. Z. I. Rekhlitskii. 
AN SSSR Dokl., Mar. 1, 1959, pp. 46, 47. In 
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Russian. Derivation of necessary and sufficient 
conditions for the boundedness of solutions of 
linear differential equations with several lags of the 
argument. 


O Poriadke Eksponentsial’nogo Rosta Reshenii 
Nekotorykh Sistem Lineinykh Differentsial’nykh 
Uravnenii s Chastnymi Proizvodnymi. M. A. 
Rutman. AN SSSR Dokl., Feb. 1, 1959, pp. 
764-767. In Russian. Determination of the 
order of the exponential growth of solutions for 
some systems of simultaneous linear partial 
differential equations. 


Solution of the Dirichlet Problem for Systems 
Not Necessarily Strongly Elliptic. Martin 
Schechter. Commun. on Pure & Appl. Math., 
May, 1959, pp. 241-247. 13 refs. Proof of a 
conjecture that root condition and not strong 
ellipticity is the criterion for solution of the Diri- 
chlet problem. 


A Short Proof of a Boundedness Theorem for 
Linear Differential Systems with Periodic Coeffi- 
cients. J. K. Hale Arch. Rational Mech. 
& Anal., Feb., 4, 1959, pp. 429-434. 10 refs. 


An Ordering Principle and Generalized Solu- 
tions of Certain Quasi-Linear Partial Differential 
Equations. Avron Douglis. Commun. on Pure 
& Appl. Math., Feb., 1959, pp. 87-112. 10 refs. 
AFOSR- supported study. 


Uber ein System partieller Differentialglei- 
chungen. Erwin Kreyszig. Arch. Rational Mech 
& Anal., Sept. 24, 1957, pp. 46-53. In German. 
Analysis covering a class of systems of partial 
differential equations. Extensions of the general 
theory of linear differential equations are shown. 


Functions & Operators 


Note on the Preservation of Classes of ~- 
tions. Antoni Zygmund. Chicago U. ep 
Math. TN 2 (AFOSR TN 59-370) [AD 213860], 
Apr., 1959. 13 pp. 

Sur les Fonctions 4 Type Borné. Namik 
Oguztéreli. Istanbul U., Fen Fakiilt. Mecmuasi, 
Ser. A, July-Oct., 1957, pp. 141-149. In 
French. Derivation of a general expression 
for an analytical function of the bounded type 
in a multiply connected domain. 


Integral Inequalities for Partial Differential 
Operators and Functions Satisfying General 
Boundary Conditions. Martin Schechter. Com- 
mun. on Pure & Appl. Math., Feb., 1959, pp. 
37-66. 14 refs. 

A Note on Smooth Functions. Mary Weiss and 
Antoni Zygmund. (Netherlands, Koninkl. Akad. 
van Wetenschappen Proc. No. 1; Indag. Math. 
No. 1, 1959.) Chicago U. Dept. Math. TN 4 
(AFOSR TN 59-400) [AD 214520], 1959. 7 pp. 
Reprint. 


O Teorii Integral’nykh Operatorov Tipa Vol’- 
terra. Ishtvan Fen’e. AN SSSR _ Dokl., Mar. 
1, 1959, pp. 51-54. In Russian. Derivation of 
criteria for the case when the Volterra integral 
operator corresponds to the iteration of the th- 
degree of another operator. Includes extension 
as well as generalization of previously derived 
results. 

Ob Integral’nom Predstavienii Nepreryvnoi 
Ermitovo Indefinitnoi Funktsii s Konechnym 
Chislom Otritsatel’nykh Kvadratov. M. G. 
Krein. AN SSSR Dokl., Mar. 1, 1959, pp 
31-34. In Russian. Analysis covering the 
integral representation of a continuous Hermitian 
indefinite function with a finite number of nega- 
tive squares. 

O Moduliakh Funktsii. 
Iu. I. Manin. AN R Dokl., Mar. 21, 1959, 

pp. 488-491. In hg Calculation’ indi- 
cating the possibility of obtaining a simple defi- 
nition of field moduli for the case of zero character- 
istic, using the theory of differentiation for the 
field of constants. 


High Precision Calculation of Arcsin X, Arccos 
X,and Arctan X. I.E. Perlin. USAF MDCTR 
59-21 [AD 215467], June, 1959. 19 pp. 


The Evaluation of Collision Integrals, Using 
Grad’s Representation of the Distribution Func- 
tion. E. Ikenberry. Arch. Rational Mech. & 
Anal., Apr. 20, 1959, pp. 123-132. 


Vaguely Normal Operators on a Banech Space. 
G. L. Krabbe. Arch. Rational Mech. 
Anal., Mar., 24, 1959, pp. 51-59. 15 refs. 
AFOSR-supported extension of certain properties 
of normal (Hilbert space) operators to Banach 
space operators. Laurent operators and the 

weak closure theorem are considered. 


Dissipative Operators and Parabolic Partial 
Differential Equations. R.S. Phillips. Commun. 
on Pure & Appl. Math., May, 1959, pp. 249- 
276. 14 refs. NSF- sponsored dev elopment of a 
retraction thecry by which a maximal dissipative 
operator, when suitably restricted, can be used to 
define a second maximal dissipative operator on 
a subspace hi of Ho. 

Rasshireniia Lineinykh Differentsial’nykh O- 
peratorov. V.A.Kondrat’ev. AN SSSR Dokl., 
Mar. 21, 1959, pp. 479-481. In Russian. Anal- 
ysis covering the extension of linear differential 
operators, including definitions used and deriva- 
tion of criteria for the extension spectra. 

Aizenberg. AN SSSR Dokl., Feb. 11, 1959, pp 

967-969. In Russian. Analysis covering the 
conditions of solvability for the Dirichlet problem 
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in the class of pluriharmonic functions, as well as 
the characteristic properties of these functions. 


Spektral’nyi Analiz Neogranichennykh Nesa- 
mosopriazhennykh Opevatorov. A. V. Kuz- 
hel’. AN SSSR Dokl., Mar. 1, 1959, pp. 35-37. 
In Russian. Spectral analysis of a class of un- 
bounded nonselfadjoined operators, including 
description of the triangular model, study of the 
spectrum, and determination of the complete- 
ness of certain K*-operators. 


Priblizhenie Tselymi Funktsiiami na Vnesh- 
nosti Otreza i Poluosi. Iu. A. Brudnyi. AN 
SSSR Dokl., Feb. 1, 1959, pp. 739-742. In Rus- 
sian. Derivation of theorems used in the 
approximation by integral functions on the ex- 
terior of an intercept and a half-axis. 


Groups 


Obobshchenie Funktsii na Lokal’no Kompakt- 
nykh Gruppakh i Razlozhenie Reguliarnogo 
Predstavleniia. G. I. Kats. AN SSSR Dokl., 
Mar. 1, 1959, pp. 27-30. In Russian. Generali- 
zation of functions on locally compact groups and 
expansion of a regular representation. 


Diskretnye Podgruppy Gruppy Analiticheskikh 
Avtomorfizmov Politsilindra iAvtomorfnye Formy. 
I. I. Piatetskii-Shapiro. AN SSSR_ Dokl., 
Feb. 1, 1959, pp. 760-763. In Russian. Analy- 
sis covering discrete subgroups of the group of 
analytical automorphisms of a polycylinder and 
the automorphous forms. 


Algebraicheskoe Stroenie Grupp Vnutrennikh 
Gomologii. B.G. Averbukh. AN SSSR Dokl., 
Mar. 1, 1959, pp. 11-14. In Russian. Analysis 
of the algebraic structure of internal homology 
groups. 


Quasigroupes Obéissant 4 Certaines Lois. 
Albert Sade. Istanbul U., Fen Fakiilt. Mecmuasi, 
Ser. A, July-Oct., 1957, pp. 151-181. 70 refs. 
In French. Analysis covering quasi-groups sub- 
ject to various restrictions or associative laws, 
closely related to previously studied balanced 
incomplete block designs. 


Matrices 


Finite Integrity Bases for Five or Fewer Sym- 
metric 3 x 3 Matrices. J. M. Spencer and R. S. 
Rivlin. Arch. Rational Mech. & Anal., Feb. 4, 
1959, pp. 435-446. Analysis showing that integ- 
rity bases derived previously are redundant in the 
sense that certain of their elements can be ex- 
pressed as polynomials in the remaining elements, 
and integrity bases containing fewer elements 
will thus be obtained. 


Zur Matrizeninversion nach Gauss-Jordan. 
Heinz Rutishauser. AMP, May 25, 1959, pp. 
281-291. In German. Discussion of an ap- 
proach to the Gauss-Jordan procedure for in- 
verting matrices. The inverse is obtained by 
repeated application of a certain nonsimilarity 
transformation to the original matrix. 


Numerical Analysis 


A Matching Theorem for Locally Stationary 
Random Processes. R.A. Silverman. Commun. 
on Pure & Appl. Math., May, 1959, pp. 373- 
383. USAF-sponsored study showing how a 
pair of functions proposed as components of a 
locally stationary random process can be made to 
match each other by suitable smoothing and 
aperture-limiting operations. 


The Effect of Boundary Conditions and Mesh 
Size on the Accuracy of Finite Difference 
Solutions of Two-Point Boundary Problems. 
David Borwein and A. R. Mitchell. ZAMP, 
May 25, 1959, pp. 221-232. 

_ On the Essential Spectrum of Partial Differen- 

tial Boundary Problems. Frantisek Wolf. Com- 
mun. on Pure & Appl. Math., May, 1959, pp. 
211-228. ONR-supported research. 


The Pi Theorem of Dimensional Analysis. 
Louis Brand. Arch. Rational Mech. & Anal., 
Sept. 24, 1957, pp. 35-45. 13 refs. Presentation 
of a simple, constructive proof of the theorem 
depending only on matrix algebra. Recent 
developments are considered. 


Problemy Konstruktivnogo Napravleniia v 
Matematike. Pt. I. I—Obshchaia Teoriia Al- 
gorifmov i ee Primenenie k Teorii Assotsiativ- 
nykh Ischislenii. II—-Konstruktivnaia Mate- 
maticheskaia Logika. III—-Konstruktivnyi Ma- 
tematicheskii Analiz» AN SSSR Trudy Mat. 
Inst. im. V. A. Steklova, vol. LIT, 1958. 348 pp. 
89 refs. In Russian. Compilation of papers 
on the structural trends in mathematics includ- 
ing the general theory of algorithms and its 
application to the theory of associative calcula- 
tions; mathematical logic; and mathematical 
analysis. 

Relaxation Methods for Linear Equations. 
Samuel Schechter. Commun. on Pure Appl. 
Math., May, 1959, pp. 313-335. 17 refs. Ex- 
tension of previously developed methods to 
group relaxation where some components of the 
vector u’ are modified at each step by the in- 
version of a ‘“‘small’’ matrix. Group relaxation 
techniques with residual ordering are found to be 
more feasible to code for an automatic computer 
than the scalar processes and seem to be competi- 
tive with cyclic processes in time of operation. 


Construction of Periodic Solutions of Auton- 
omous Systems with One Degree of Freedom in 
the Case of Arbitrary Real Roots of the Equation 
for the Basic Amplitudes. A. P. Proskuriakov. 
(Prikl. Mat. i Mekh., July-Aug., 1958, pp. 510- 
518.) PMM—Appl. Math. & Mech., No. 4, 
1958, pp. 709-720. Translation. 

On the Quasiharmonic Systems, Close to Systems 
with Constant Coefficients, in Which Pure Imag- 
inary Roots of the Fundamental Equation Have 
Nonsimple Elementary Divisors. M. A. Kushul. 
(Prikl. Mat. i Mekh., July-Aug., 1958, pp. 519- 
533.) PMM—Appl. Math. & Mech., No. 4, 
1958, pp. 721-740. Translation. 


On the Convergence of the Rayleigh Quotient 
Iteration for the Computation of the Character- 
istic Roots and Vectors. II. A. M. Ostrowski. 
Arch. Rational Mech. & Anal., Feb. 4, 1959, pp. 
423-428. 

Reshenie Osnovnykh Kraevykh Zadach dlia 
Uravnenii Vtorogo Poriadka s Razryvnymi Koef- 
fitsientami. O. A. Oleinik. AN SSSR_ Dokl., 
Feb. 21, 1959, pp. 1,219-1,222. In Russian. 
Derivation of a solution of the basic boundary 


problems for second-order equations with 
discontinuous coefficients. 


Kharakteristika Nekotorykh Negrubykh Sos- 
toianii Ravnovesiia v Trekhmernom Prostranstve 
s Pomoshch’iu Grubykh Sostoianii Ravnovesiia 
Blizkikh Sistem. R. M. Mints. AN SSSR 
Dokl., Feb. 21, 1959, pp. 1,215-1,218. In 
Russian. Derivation of necessary and sufficient 
roughness conditions for the equilibrium states 
in a three-dimensional space by means of rough 
equilibrium states of closely similar systems. 


Obobshchenie Odnogo Predlozheniia Lia- 
punova o Sushchestvovanii Periodicheskikh 
Reshenii. S.N.Shimanov. Prikl. Mat.i Mekh., 
Mar.-Apr., 1959, pp. 409-411. In Russian. 
Generalization of an assumption established by 
Liapunov on the existence of periodic solutions. 


Obobshcheniia Teoremy A. A. Markova ob 
Otsenke Proizvodnoi Mnogochlena. V. S. Vi- 
denskii. AN SSSR Dokl., Mar. 1, 1959, pp. 
15-18. In Russian. Generalization of the 
Markov theorem on the evaluation of a poly- 
nomial derivative. 


24 Voit DC motor for operation sub- 
merged in jet fuel for booster pump 
drive. Frame 


Totally enclosed fan-cooled 27 volt DC 
motor for pump drive. Frame 2x 1% 


will assure required dependability. 


application. 
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‘You Design Dependability 
into Your Power-Driven 
. Product with... 


Thorough study by our engineering department of your product and its 
operating conditions is the first step in designing a Lamb Electric motor that 


The next step is translating this information into a motor design having 
the electrical and mechanical characteristics needed for your particular 


We then custom manufacture the motor on a volume basis to obtain high 
quality, uniformity and the most favorable cost. 


May we discuss these advantages of Lamb Electric motors with you? 
THE LAMB ELECTRIC COMPANY - Kent, Ohio 


A Divison of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Co. Ltd. — Leaside, Ontario 


Six-pole 400 cycle AC motor for elec- 
tronic cooling in missile control 
equipment. Frame 1% 


24 Voit DC fuel valve actuator incor- 
porates gear train torque-limiting 
clutch and limit switches. Frame 
1% x 
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Uber die Verwandlung von quadratischen For- 
men mit numerischen Koeffizienten in Summen 
von Quadraten. ZAMM, Mar.-Apr., 1959, pp. 
160-162. In Germart Analysis of the ap- 
plication of quadratic formulas with numerical 
coefficients to sums of squares. 

Ob Odnom Polnom Singuliarnom Integral’nom 
Uravnenii s Avtomorfnym Iedrom. I. A. Para- 
doksova. AN SSSR Dokl., Mar. 21, 1959, pp 
496-499. In Russian. Generalization of a 
complete singular integral equation with an auto- 
morphous kernel involving in its basic part a 
certain finite number of poles. 


K Resheniiu Kraevoi Zadachi Rimana v 
Klassakh Obobshchennykh Funktsii. Iu. 1. 
Cherskii. AN SSSR Dokl., Mar. 21, 1959, pp 
500-503. In Russian. Application of previously 
derived results to the solution of the Riemann 
boundary value problem for classes of generalized 
functions. 

Optimal’nye Bystrodeistviiu§ Protsessy 
pri Ogranichennykh Fazovykh Koordinatakh. 
R. V. Gamkrelidze. AN SSSR Dokl., Mar. 21, 
1959, pp. 475-478. In Russian. Formulation 
of results on the optimum rate processes in the 
case of bounded phase coordinates 

Singuliarnykh Granichnykh Zadach. \ 
Birman. AN SSSR Dokl., Mar. 21, 19° 39. =m 
471-474. 11 refs. In Russian. Study of the 
spectra of semibounded singular boundary prob- 
lems using a method based on Friedrichs’ theory 
of quadratic forms. 

Pervaia Kreevaia Zadacha dlia_ Uravnenii 
Ellipticheskogo Tipa Vtorogo i Chetvertogo 
Poriadkov, Vyrozhdaiushchikhsia ili Imeiu- 
shchikh Osobennosti v Konechnom Chisle Vnut- 
rennikh Tochek Oblasti. V.K. Zakharov. AN 
SSSR Dokl., Feb. 1, 1959, pp. 747-750. In Rus- 
sian. Derivation of the first boundary problem 
for second- or fourth-order elliptical equations 
either degenerating or having singularities at a 
finite number of internal points within the region 
bounded by a curve. 

Asimptoticheskoe Predstavlenie Reshenii Gre- 
nichnykh Zadach s Kompleksnym Parametrom 
dlia Uravnenii Tipa. M. L. 
Rasulov. AN SSSR Dokl., Mar. 1, 1959, pp. 
42-45. In re. Derivation of an asymp- 
totic representation for the solutions of boundary 
problems with a complex parameter in the case of 
elliptic equations. 

O Roste Reshenii Sistem Urav- 
E. I. Gol’dengershel’. SSSR _ Doki., 

1959, pp. 19-22. In a Fen Analysis 
of the exponential growth of solutions for systems 
of integral equations of the Volterra type. 

Ob Ustoichivosti Vychislitel’nykh Protsessov, 
Voznikaiushchikh pri_Reshenii Mnogotochech- 
nymi_ Raznostnymi Metodami Zadachi Koshi 
dlia Uravneniia dy/dx = B. M. Budak 
and A. D. Gorbunov. SSR Dokl., Feb. 
21, 1959, pp. 1,191-1, 104. 4 In Russian. Analysis 
of ‘the stability of calculation processes involved 
in the solution of Cauchy’s problem for the equa- 
tion dy/dx = f(x,y) by means of multipoint dif- 
ference methods. 

Uber die Stabilitat numerischer Methoden zur 
Integration gewohnlicher Differentialgleichungen 
erster Ordnung. W. Quade. ZAMM, Mar.- 
Apr., 1959, pp. 117-134. 15 refs. In German. 
Evaluation of the stability of ordinary first- 
order differential equations, and development of 
a stabilizing method of integration. 


Physical Applications 


Application of Generalized Gauss-Laguerre 
Quardrature to Boundary-Layer Problems. 
William Squire. J. Aero/Space Sci., Aug., 1959, 
pp. 540, 5 

des Equations aux Différences 
Finies au Calcul des Plaques Circulaires, des 
Cyfindres, des Vibrations, des Echanges Ther- 
miques. J. M. Foueillassar. Docaéro, May, 1959, 
pp. 3-22. In French. Application of finite. 
difference equations to the calculation of (a) 
circular plates subject to symmetrical deflection. 
(b) cylindrical shells, (c) natural frequencies of 
bars, and (d) constant heat transfer. 


A Variational Principle of Hydromechanics. 
S. Drobot and A. Rybarski. Arch. Rational 
Mech. & Anal., Feb. 4, 1959, pp. 393-410. 17 
refs. Study considering certain groups of in- 
finitesimal transformations of the fields of density 
and velocity as they affect a variational principle 
of hydromechanics. 


On the Numerical Solution of a Non-Linear, 
First-Order Differential Equation. Jim Douglas. 
Jr. Duke U. Rep. (AFOSR TN 59-403) [AD 
214523), Mar., 1959. 27 pp. 15 refs. Solu- 
tion of an equation encountered in the descrip- 
tion of the flow of compressible fluids and multi- 
phase flow of incompressible fluids in a porous 
medium. 


Gruppovye Svoistva eo Nelineinoi 
Teploprovodnosti. L. . Ovsiannikov. AN 
SSSR Dokl., Mar. 21, 1959, pp. 492-495, In 
Russian. Presentation of results on the group 
classification for the equations of nonlinear heat 
conductivity, as well as a satisfactory index of 
invariant solutions for each type of equations. 


On the Solution of Some Axisymmetric Bound- 
ary Value Problems by Means of Integral Equa- 


tions. I--Some Electrostatic and 
mic Problems for a Spherical Cap. D. 
Collins. Quart. J. Mech. & Appl. Math. Pg 


» 1959, pp. 232-241. 10 refs. 


Ob Usloviiakh Rasshchepleniia Reshenii 
Lineinogo Parabolicheskogo Uravneniia na Orto- 
gonal’nye Sostavliaiushchie. N. N. Rykalin. 
AN SSSR Dokl., Mar. 21, 1959, pp. 519-522. 
In Russian. Determination of conditions for the 
splitting of solutions of linear parabolic equations 
into orthogonal components. The theorem is 
used for the construction of spatial processes in 
mae conductivity, diffusion, and filtration prob- 
ems 

O Sisteme Differentsial’nykh Uravnenii Ravno- 
vesiia Obolochki Vrashcheniia, Podverzhennoi 
Izgibaiushchei Nagruzke. V. §S Chernina 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 258- 
265. In Russian. Derivation of a system of 
differential equilibrium equations for a shell of 
revolution subjected to bending loads. 

O Chislennom Integrirovanii Uravneniia Tep- 
loprovodnosti. V.K.Saul’ev. AN SSSR Dokl., 
Mar. 1, 1959, pp. 48-50. In Russian. Numeri- 
cal integration of the equations of heat conduc- 
tivity. 

Funktsional’noe Urevnenie i Operatornoe Re- 
shenie dlia Statisticheskoi Summy. S. 
Fradkin. AN SSSR Dokl., Mar. 1, 1959, pp. 
66-68. In Russian. Derivation of a functional 
equation and the operator solution for statistical 
sums 

Matematicheskoe Modelirovanie Sukhogo Tre- 
niia. G. I. Monastyrshin. Avtom. i Tele- 
mekh., Dec., 1958, pp. 1,091-1,106. In Russian. 
Study covering the mathematic simulation of 
dry friction. Illustrative examples include the 
case of small oscillations of the axis of a free 
gyroscope on gimbal support 

The Conservation Property of the Heat Equa- 
tion on Riemanni2n Menifolds. M. P. Gaffney. 
Commun. on Pure & Appl. Math., Feb., 1959, 
pp. 1-11. AFOSR-supported discussion of the 
heat equation for variable conductivity and heat 
capacity, and establishment of the conservation 
property for a class of manifolds permitting in- 
finite volume 

Sbornik Statei po Mathematicheskoi Logike 
i ee Prilozheniam k Nekotorym Voprosam Kiber- 
netiki. AN SSSR Trudy Mat. Inst. im. V. A. 
Steklova, vol. LI, 1958. 362 pp. 89 refs. In 
Russian Contents: Funktsional’nye Postro- 
eniia v &-Znachnoi Logike, S. V. Iablonskii. Ob 
Otdelimosti Podmnozhestv Vershin n-Mernogo 
Edinichnogo Kuba, Iu. I. Zhuravlev. O Vozmozh- 
nostiakh Sinteza Skhem iz Proizvol’nykh 
Elementov, O. B. Lupanov. Ob Odnom Svoistve 
Funktsii, Realizuemykh Neploskimi Bespovtor- 
nymi Skhemami, A. V. Kuznetsov. O Bespovtor- 
nykh Kontaktnykh Skhemakh i Bespovtornykh 
Superpositsiiakh Funktsii Algebry Logiki, 

V. Kuznetsov K_Teorii Bespovtornykh 
Kontkatnykh Skhem, B. A. Trakhtenbrot. 
Logicheskie Sposoby Kontrolia Raboty Elek- 
tricheskikh Skhem, I. A. Chegis and S. 
Vv Iablonskii. Compilation of papers on 
mathematical logic and its application to certain 
problems in cybernetics. Included are such as- 
pects as the theory of sets, algebra, topology, 
and theory of numbers, as well as methods for 
processing discrete information, problems of 
control system analysis and synthesis, and 
methods for regulating control systems. 


Theory of Numbers 


Upper and Lower Bounds for Special Eigen- 
values. F.C. Appl and C. F. Zorowski. (ASME 
Summer Conf. Appl. Mech. Div., Troy, June 
18-20, 1959, Pater 59-APM-18.) ASME 
Trans., Ser E- AM, June, 1959, pp. 246-250. 
Presentation of a systematic method, based on the 
enclosure or comparison theorem of Collatz, 
for the determination of upper and lower hounds, 
and application to two examples concerning the 
critical-elastic buckling load of variable-section 
columns with pinned ends. 

On Intersections of Similar Sets. Branko 
Griinbaum. Inst. Advanced Study, Princeton, 
N.J., Rep. (AFOSR TN 59-391) [AD 214511], 
Mar., 1959. 15 pp. 15 refs. 


K Teoremam Edinstvennosti Singuliarnykh 
Zadach Dirikhle-Neimana. M. Kapilevich. 
AN SSSR Dokl., Mar. 1, 1959, pp. 23-26, in 
Russian. Derivation of the uniqueness theorems 
for singular Dirichlet-Neumann problems. 


Topology 


O Spektre Vol’terrova Operatora v Nekotorykh 
Banakhovykh Prostranstvakh. E. Gol'den- 
gershel’ AN SSSR _ Dokl., Feb. 21, 1959, pp. 
1.195-1.198. In Russian. Study of the spectra 
of a Volterra operator in certain Banach spaces 


Geodezicheskie Linii i Garmonicheskie Funk- 
tsii na Prostranstvakh. F. 
I. Karpelevich, AN SSSR_ Dokl., Feb. 21, 
1959, pp. 1,199-1,202. In Russian Analysis 
covering geodesic lines and harmonic functions 
in symmetrical spaces. 

Sootvetstvie Granits pri Topologicheskikh 
Otobrazheniiakh Ploskikh Oblastei s Peremen- 
nymi Granitsami. G. D. Suvorov. AN SSSR 
Dokl., Feb. 1, 1959, pp. 772-774. In Russian. 
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Analysis covering the boundary congruence in 
topological mappings of plane regions with vari- 
able boundaries. 

Untersuchungen zur Durchfiihrung der konfor- 
men Abbildung mehrfach zusemmenhangender 
Gebiete. Dieter Gaier. Arch. Rational Mech. 
& Anal., Apr. 20, 1959, pp. 149-178. 24 refs. 
In German. Analysis of the feasibility of con- 
formal mapping for multiply connected regions, 
based on the theory developed by Koebe. 

Sur le Comportement d’une Représentation 
Presque-Conforme deans le Voisinage d’un 
Point Singulier. Suzan Kahramaner. I[stanbul 

U., Fen Fakilt. Mecmuasi, Ser. A, July—Oct., 
1957, pp. 127-139. In French. Analysis of 
two theorems on the behavior of a quasi-con- 
formal representation in the neighborhood of a 
single isolated point. 

The Riemann-Hilbert Problem for Finite 
Riemann Surfaces. Walter Koppelman. Com- 
mun. on Pure & Appl. Math., Feb., 1959, pp. 
13-35. 18 refs. Analysis considering the prob- 
lem of finding a function, analytic in domain 
D, for a given linear relation between the limiting 
values of its real and imaginary parts on the 
boundary of D. A close relation between the 
Riemann-Hilbert problem and the Riemann- 
Roch theorem for closed surfaces is illustrated 
by the proof. 


Transforms 


Extending the Lorentz Transformation to 
Motion with Variable Velocity. R. T. Jones. 
U.S., NASA Memo. 7-9-59A, June, 1959. 11 pp. 
Presentation of a system of coordinates which is 
conformal in the vicinity of the axis of motion. 
By a particular choice of the scale relation, such 
restricted conformal transformations can be 
made to reduce to the Lorentz transformation 
everywhere in the case of uniform velocity, and 
locally, in the case of variable velocity. 

On the Inversion of Integral Transforms. 
M. Ribarié. Arch. Rational Mech. & Anal., 
Mar. 24, 1959, pp. 45-50. 

Transformation of a Linear Differential Equa- 
tion with Polynomial Coefficients Into an Integral 
Equation with the Aid of Overational Calculus. 

Vv Priki. Mat. i Mekh., 
July— Aug., 1958, pp. 553, 554.) PMM—Appl. 
Math. & Mech., No 4,1958, pp. 774-776. Trans- 
lation. 


On the Iteration Product of Summability 
Methods; New Classes of Transformations and 
Their Properties. Amnon Jakimovski. He- 
brew U. TN 2 (EOAFOSR TN 59-343) [AD 
213663), Feb., 1959. S56 pp. refs. 


Mechanics 


Ob Ustoichivosti Dvizheniia na Konechnom 
Intervale Vremeni. Chzhan Sy-In. Prikl. Mat. 
i Mekh., Mar.-Apr., 1959, pp. 230-238. In 
Russian. Study of the stability of a system for 
the case of motion over a finite time interval. 


O Dostatochnykh Usloviiakh Ustoichivosti 
Vrashcheniia Volchka ‘‘Tip-Top,’’ Nakhodia- 
shchegosia na Absoliutno Sherokhovatoi Gorizon- 
tal’noi Ploskosti. L. S. Isaeva. Prikl. Mat. 
i Mekh., Mar.-Apr., 1959, pp. 403-406. In 
Russian. Derivation of the equations of motion 
of a tip-top located on an absolutely rough hori- 
zontal surface, determination of first integrals, 
and definition of stability conditions for small 
oscillations of the vertical axis. 

Malye Fluktuatsii v Sushchestvenno Nelineinoi 
Avtokolebatel’noi Sisteme. L Gudzenko. 
AN SSSR Dokl., Mar. 1, 1959, pp. 62-65. In 
Russian. Calculation of small fluctuations in 
an essentially nonlinear selfoscillating system. 


Meteorology 
Atmospheric Structure & Physics 


Zborul Aeronavelor Deasupra Regiunilor 
cu Presiune Scazuta. C.Sorodoc. Rev. Transp., 
Mar., 1959, pp. 128-130. In Rumanian. Dis- 
cussion covering meteorological phenomena en- 
countered in flight over low-pressure areas. 


Military Aviation, Ordnance 


The Payoff of Missile Design: Electronic 
Fuzing. W.H. Doty. Space’ Aeronautics, July, 
1959, pp. 120-123. Discussion of basic principles 
in electronic fuzing and review of the state of the 
art for such types as capacitive, inductive, mag- 
netic, visible-light, infrared, Doppler radio, pulse 
radio, and FM-CW radar fuze types. 


Missiles, Rockets, Space Craft 


Special Issue: Control—-The Keystone of 
Present and Future Space Vehicle Programs. 
Auto. Control, June, 1959, pp. 6-13. Partial 
Contents: Launching. Guidance. Space Re- 


search. Satellite Control 

Special Issue: Missile Market and Product 
Guide Edition. Missiles & Rockets, Mid-May, 
1959. 285 pp. Includes missile purchasing and 
product directory; index to advertisers; as well 
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FORCE CONTROL 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product —- SARGENT. 


SARGENT Manufacturing SARGENT Hydraulic Pumps 
FACILITIES BUILDS Hydraulic Motors 


including — 
Pneumatic Cylinders 


Research Machining & Grinding _ Servo-Systems Pneumatic Valves 
Design Heat Treating, all types Hydraulic Systems Ball Screw Actuators 
Development Plating, all types _ Integrated Packages Gear Actuators 
Testing Inspection Hydraulic Actuators Gear Accessory Boxes 
Qualifying Assembly .. Hydraulic Valves Electronic Systems 


Handard of Excellence Since 7920 
“GOOD WILL” is the disposition of INTEGRITY ENGINEERING CORPORATION 
the pleased customer to return to the Y a 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 


place where he has been well treated. 
— U.S. Supreme Court 
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THE 

MILITARY 
REQUIREMENTS 
FOR 

MOON BASE 


This is the title of one of four 
major space proposals developed 
by Martin for the military and 
astroscientific branches of our 
Government. The importance of 
this proposal is two-fold: 

the inevitability of an actual moon 
base program by this country 
within the next 5 years, and; the 
fact that we could and can 
undertake such a project now — 


not in theory but in “hard” 


eight divisions add up to 
one of the top capabilities in the free 
world for man’s first ventures in 


space-planetary exploration. 


AMERICAN 


SOCIETY 


BALTIMORE *DENVER*ORLANDO 


engineering design. For Martin’s 


as a catalog on propulsion systems, ground sup- 
port and guidance equipment, tracking and tele- 
metering equipment, and materials and metals. 
Special Issue: Next Decade in Space; 
Special Report on NASA Programs. Av. Week, 
June 22, 1959, pp. 119-154. Contents: NASA 
Leads U.S. Venture Into Space. Engines Hold 
Key to Space Timetables. Manned Orbital 
Flight Is NASA’s Top Priority Task. Plane- 
tary Flight Is Major NASA Goal. Sciences 
Program to Probe Universe. Operational Satel- 
lite Network Planned. Mercury Network Tops 
Tracking Needs. Space Leadership Challenge 
oe NASA. Industry Has Key Role in Space 
ork. 


Glossary of Astronautics Terminology. Carlos 
Madrid. IRE Trans., SET Ser., June, 1959, 
pp. 73-76. 

Ob Optimal’nom Tiagovom Rezhime Odnoi 
Rakety. L. Dumitresku and T. Komenesku. 
(Stud. Cerc. Mec. Aplic., Nos. 2, 3, 1958.) 
Rev. Méc. Appl., No. 4, 1958, pp. 427-436. In 
Russian. Study covering the problem of opti- 
mum thrust programing of rocket propulsion 
systems. 

Encke’s Method and Variation of Parame- 
ters as Applied to Re-Entry Trajectories. R. 
M. L. Baker, Jr. (AAS Western Regional 
Meeting, Palo Alto, Aug., 1958.) J. Astron. 
Sci., Spring, 1959, pp. 10-13. Development of 
two methods of perturbation calculation for the 
analysis of re-entry trajectories. 

Hypersonic Aircraft Will Face Technical, 
Cost Problems. J. S. Butz, Jr. Av. Week, 
June 22, 1959, pp. 156-161, 163, 165, 167, 169. 
Discussion covering the design problems in the 
Dyna-Soar program and some suggested con- 
figurations for hypersonic flight. 

NASA Proposes Nuclear Rocket to Explore 
Space. F.E. Rom and P. G. Johnson. E 
June, 1959, pp. 36-40. Description of a low- 
power nuclear rocket and its possible performance. 
Comparison is made with the chemical rocket and 
the turboelectric ion propulsion system, and a 
discussion presented on various types of orbits 
possible for Earth- Mars trips. 

Nose Cones: The Case for Heat Sink. J. D. 
Stewart. Missiles & Rockets, June 8, 1959, pp. 
16-18. Discussion of the reasons behind the 
chcice of a cepper heat sink for the first ballistic 
missile nose cone. 


Drag Brake Proposed for M-I-S. Missiles & 
Rockets, June 22, 1959, pp. 18-21. Discussion 
of a proposed manned satellite having a stain- 
less steel, umbrella-type drag brake that would 
be simpler, lighter, and cheaper than the retro- 
rocket configuration. 


Nose Cones: The Case for Ablation. H. G. 
Lew, S. M. Scala, and G. W. Sutton. Missiles & 
Rockets, June 8, 1959, pp. 19-22. Discussion of 
the development of ablation materials and the 
advantages of ablation over other methods of 
heat protection. 


Optimum Staging Techniques. Leon Weis- 
bord. ARS J., June, 1959, pp. 445, 446. Deri- 
vation of solutions for staging ratios for the fol- 
lowing general cases: different structural factors 
e, different specific impulses J, and either different 
final thrust to weight ratios r; or initial thrust to 
weight ratios ro. 


On the Use of Side-Jets as Control Devices. 
H. P. Liepman. ARS J., June, 1959, pp. 453, 
454. Discussion of the altitude regime within 
the atmosphere and the order of magnitude of the 
interaction bonus for a lateral control jet located 
near the base of a body of revolution. 


Analytical Investigation of a Flicker-Type Roll 
Control for a Mach Number 6 Missile with Aero- 
dynamic Controls Over an Altitude Range of 
82,000 to 282,000 Feet. R.R. Lundstrom and R. 
I. Whitman. U.S., NASA Memo. 4-23-59L, 
May, 1959. 50 pp. Investigation covering the 
roll-response characteristics of a missile over the 
dynamic pressure range from 1,500 to 0.15 Ib./sq.- 
ft. Effects of rate factor, magnitude of control 
moment, system time lag, magnitude of disturb- 
ance, construction asymmetry, and aerody- 
namic damping on the missile roll response are 
shown. 


Pioneer’s Radiation-Detection Instrument. 
Conrad Josias. Astronautics, July, 1959, pp. 
32, 33, 114, 115. Description of the engineering 
of the lunar probe radiation experiment stressing 
the improvement of the output readability. 


Circuits for Space Probes. R. R. Bennett, 
G. J. Gleghorn, L. A. Hoffman, M. G. McLeod, 
and Y. Shibuya. Electronics, June 19, 1959, 
pp. 55-57. Discussion of electronic circuits of the 
fourth stage of the Pioneer vehicle. The instru- 
ments measure magnetic fields, sense radiation 
level, and transmit television pictures back to 
earth. 


Automatic Checkout Systems Compared. 
Ch. D. LaFond. Missiles & Rockets, July 6, 
1959, pp. 33-36. Presentation of the Curtiss- 
Wright DEMON and the Nortronics NORSCAN 
checkout systems and description of their fea- 
tures and capabilities. 


How to Handle 24-Megaton Thrust? Ch. J. 
Hamlin, Jr. Missiles & Rockets, June 29, 1959, 
pp. 16-18. Discussion of problems in transpor- 
tation, erection, fueling, and crew manning in 
terms of the size of future vehicles. 
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Tests to Failure Boost Sparrow I Reliability. 
E. H. Derr. Space/ Aeronautics, July, 1959, pp. 
133, 134, 138, 141 Presentation of testing pro- 
cedures and derivation of statistical equations. 
Failure percentages are plotted for individual 
units under high temperature, shock, and vi- 
bration conditions. 

Relativistic Treatment of Rocket Propulsion 
with Fast Particles and Photons Taking Into 
Consideration Nuclear Data. T. Foelsche. 
USAF MDC TR 59-4 [AD 209328], Mar., 
1959. 24 pp. 

Rocket Powered Capsule for Aero-Medical 
Research and —~ Crew Indoctrination. N. V. 
Petersen. JAS Natl. Summer Meeting, Los 
Angeles, June 16 19, 1959, Paper 59-126. 10pp. 
Members, $0.50; nonmembers, $1.00. Discus- 
sion of general requirements for a safe, low cost 
experimental flight test program. The proposed 
approach utilizes the earth’s atmosphere as an 
air cushion for recovery of earth-surface-launched, 
maneuverable, rocket-powered manned capsules 
constrained to simulated lunar landing trajec- 
tories. 

Sovetskaia Planeta. I. Merkulov. Kryl’ia 
Rodiny, Mar., 1959, pp. 8, 9. In Russian. 
Brief discussion of the Soviet cosmic rocket, in- 
cluding its trajectory, instrumentation, and 
launching. 

Ten-Man Space Station for Assembly in Orbit. 
III. S. B. Kramer and R. A. Byers. Space/ Aero- 
nautics, July, 1959, pp. 52-55. Preliminary 
design analysis of major structural elements of a 
manned space station. Stabilization in space, 
communications, and nuclear power supply are 
covered. 

Bibliography for Satellite a ene. 

A. Ward. USAF MDC 59-22 [AD 
215468), June, 1959. 25 pp. 


— Satellite Orbits. II. Herbert Knothe and 
H. Anderson. USAF MDC TR _ 59-19 
hip 215112), May, 1959. 12 pp. Analysis of 
the parameter p of the osculating ellipse of the 
orbit particularly of its behavior after a large 
number of rotations. Knowledge of its behavior 
determines not only the variations of the inclina- 
tion i between the orbit plane and the equator, but 
also the distance of the apogee and perigee. 

An Optimum Transfer Path from an 7% 
Orbit to a Higher Energy Circular Orbit. H. 
Munick. ARS J., June, 1959, pp. 449, 450 
Presentation of a rigorous mathematical deriva- 


tion showing the optimum path to be a Hohmann 
transfer ellipse. 


A Non-Real-Time Simulation of SAGE Track- 
ing and BOMARC Guidance. W. Ladd and 
E. W. Wolf. IRE Trans., EC Ser., Mar., 
1959, pp. 36-41. USAF- Army- Navy- supported 
description of an IBM 704 program to simulate 
the proposed employment of BOMARC in the 
SAGE system. On three separate passes through 
the 704 computer the program simulates radar, 
target, and missile performance, as well as 
SAGE tracking and missile guidance. 


Daytime Detection of Celestial Bodies Beg 
the Intensifier Image Orthicon. R. 
Gebel. USAF WADC TN 58-324 [AD 204793), 
Oct., 1958. 40 pp. 


A Super-Fast, Carrier Quieted Telemetry Sys- 
tem for Missile Impact Instrumentation. J. L. 
Wright and J. C. Rusecus. JRE Trans., SET 
Ser., June, 1959, pp. 76-81. 


Natural Flight 


Mashushchii Polet. I. Vinogradov. Kryl’ia 
Rodiny, Mar., 1959, pp. 23-25. In Russian. 
Discussion of the role of natural flight in the design 
of elastic wings, and description of an ornithop- 
ter and its possible uses. 


Navigation 
Electronic Aids 


Background and Principles of Tacan Data 
Link. B. Alexander, R. C. Renick, and J. F. 
Sullivan. JRE Trans., ANE Ser., Mar., 1959, 
pp. 9-16. Description of the ‘development, 
characteristics, and operation of the Tacan data 
link system for providing navigational, aircraft- 
status, and traffic-control information. 


Neuzeitliche UK W-Peilanlagen fiir die Flug- 
sicherung. H. Lietzmann.  Luftfahrttechnik, 
Mar. 15, 1959, pp. 69-78. In German. Evalua- 
tion of the modern direction finding equipment in 
terms of flight safety. Technical data are pre- 
sented along with the characteristics of new 
installations. 


Traffic Control 


Circulatia si Navigatia Aeriana in Epoca Avio- 
nului cu Reactie. B. Ferderger and Gh. Iaco- 
bescu. Rev. Transp., Mar., 1959, pp. 125- 
128. In Rumanian. Survey of navigation and 
traffic control problems in connection with the use 
of jet aircraft. 


A Digital Computer System for Terminal- 
Area Air Traffic Control. E. L. Braun and A. S. 
Gianoplus. IRE Trans., SET Ser., June, 1959, 


pp. 66-72. Description of computing equip- 
ment for the functions of tracking, scheduling, 
and guidance. The overall capabilities of the 
system are presented, including a description of 
the facilities for entry, sensing, communication, 
and display of pertinent data. 


Nuclear Energy 


Effect of Neutron Irradiation on Thermally 
and Mechanically Induced Nonequilibrium States 
in AuCu. R. L. McCollum and G. Allen. J. 
Appl. Phys., July, 1959, pp. 1,105-1,108. 13 
refs 

Effects of High Energy, High Intensity Elec- 
tromagnetic Radiation oe Organic Liquids. 
} Wagner and L. H. Towle. USAF 
WADC TR 58-683 (AD 211915), Mar., 1959. 
36 pp. 13 refs. 

Removal Dose as an Environmental 
ment of X-Rays and Rays. 
Hickmott USAF WADC TR 59- 119 Rap 
211918), Apr., 1959. 32 

Viiianie Ioniziruiushchego Izlucheniia na 
Elektrokhimicheskuiu Aktivnost’ Metallov, Po- 
krytykh Okisnymi Plenkami Poluprovodnikovogo 
Kharaktera. I. L. Rozenfel’'d and E. K. Oshe. 
AN SSSR Dokl., Mar. 1, 1959, pp. 139-142. 
In Russian. Study of the effect of ionizing radia- 
tion on the electrochemical activity of metals 
coated with semiconducting oxide films. 


Photography 


Some Exploratory Photoelastic Studies in 
Stress Wave Propagation. M. L. Williams. 
M. E. Jessey, and R. R. Parmerter. GALCIT 
Rep. 90, Oct., 1958. 36 pp. Navy-supported 
description of a camera operating at 100,000 
35 mm. frames per sec. for a 1/10 microsec. 
exposure time. The equipment has been used to 
record dynamic photoelastic stress fringe patterns 
in various specimens under impact loadings. 


Physics 


The Clock Problem (Clock Paradox) in 
Relativity: Theories, Both Pro and Con, Re- 
corded in the Literature; An Annotated Bibliog- 
raphy. U.S., NRL Bibliog. No. 15, May, 
1959. 48 pp. 241 refs. 

Compensations in Electron Excitation Effects 
in p-p and p-n Scattering. M. de Wit, C. 
Fischer, and W. Zickendraht. Yale U. Paper 
(AFOSR TN 59-486) [AD 215779}, May 5, 
1959. 12 pp. 

The Use of S-Matrix Poles in the Determina- 
tion of Parities. G. Feldman and T. Fulton. 
Johns Hopkins U. Paper (AFOSR TN 59-421) 
[AD 214142], May 11, 1959. 7 pp. 

Collision Diameters in Microwave Pressure 
Broadening. I—Critical Analysis and Appli- 
cations of a Quasi-Resonant Theory of Pressure 
Broadening of Linear Molecules. II—Col- 
lision Broadening in the Microwave Spectra of 
Symmetric Top Molecules. L. J. Kieffer, J. G. 
Broerman and A. V. Bushkovitch. St. Louis 
U. Final TR (AFOSR TR 59-29) [AD 212702}, 
May 1, 1959. 28pp. 14 refs. 

Ionization of Atomic and Molecular Oxygen 
on Electron Impact. W. L. Fite and R. T. 
Brackmann. Gen. Dynamics Corp. Gen. Atomic 
Div. GA-632 (AFOSR TN 59-18) [AD 208599}, 
Mar., 1959. 16 pp. 10 refs. 

Paramagnetic Resonance of S State Ions in 
Strontium Chloride. W. Low and U. Rosen- 
berger. Hebrew U. Dept. Phys. TN 6 (EOAFOSR 
TN 59-416) [AD 214563], Feb., 1959. 12 pp. 
11 refs. 

Diffusion of Copper in Cadmium Sulfide Crys- 
tals. R.L. Clarke. J. Appl. Phys., July, 1959, 
pp. 957-960, 

I—Attenuation Coefficients of High Energy 
X-Rays. H. . Kock and J. M. Wyckoff. 
IIl—Scintillation Spectrometers for Measuring 
the Total Energy of X-Ray Photons. R. 5S. 
Foote and H. W. Kock. III—X-Ray Attenua- 
tion Coefficients from 15 to 80 Mev for Hydrogen, 
Carbon, Water and Aluminum. J. M. Wyckoff 
and H. W. Koch. Cross 
Section Related Data. 
Koch and J. W. U.S., NBS Final me. 
6313 (AFOSR TR $9. 25) [AD 211761), May 
1959. 180 pp. 144 refs. 


Publications abstracted may be 
borrowed from the IAS Library. 
In making inquiry, please men- 
tion the month of Aero/Space 
Engineering in which the abstract 
appeared. This will facilitate 
servicing of requests. 
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X-Ray Method for the Differentiation of {III} 
Surfaces in A'™IBVY Semiconducting Compounds. 
E. P. Warekois and P. H. Metzger. J. Appl 
Phys., July, 1959, pp. 960-962. USAF-Army- 
Navy-supported research. 

K Postanovke Voprosa o Beskonechnosti 
Prostranstva v Obshchei Teorii Otnositel’nosti. 

L. Zel’manov. AN SSSR Dokl., Feb. 11, 
1959, pp. 1,030-1,033. In Russian. Presenta- 
tion of an approach to a more detailed formulation 
of the problem covering the infinity of space in 
the general theory of relativity. 

Ob Ustanovivshemsia Raspredelenii Vzaimno 
Chastits. A. N. Gerasimoy. 
Priki. Mat. t Mekh., Mar.—Apr., 1959, pp. 414- 
416. In Runeian. Study of an infinite gaseous 
body composed of particles obeying only the forces 
of cohesion (Newton's law). Includes derivation 
of a nonlinear integral equation establishing a 
relation between the temperature and density 
distribution. 


Astrophysics 


How High the Moon; A Table of Distance of 
the Moon. Richard Miner. ARMA_ Eng, 
Apr.-May, 1959, pp. 27-33. 

Uravneniia Vozmushchennogo Dvizheniia 
Zadache Keplera. A. I. Lur’e. Prikl. Mat. i 
Mekh., Mar.-Apr., 1959, pp. 412, 413. In Rus- 
sian. Derivation of equations of turbulent mo- 
tion in the Keppler problem, based on the direct 
application of the method of variation of arbitrary 
constants. 

The Soviet Astronautical Program. F. J. 
Krieger. Astronautics, July, 1959, pp. 43, 78. 
Brief description of the three-phase program 
calling for simultaneous satellite experiments, 
lunar exploration, and investigation of the planets. 

The Isothermal Expansion of a Gas Cloud 
Into a Non-Uniform Atmosphere. M. H. Rogers. 
Arch. Rational Mech. & Anal., Sept. 24, 1957, 
pp. 22-34. Study of the isothermal motion of a 
spherically symmetrical shell of gas surrounding a 
uniformly expanding sphere. It is shown that in 
all cases the flow is necessarily headed by a shock 
wave, and that there is a minimum value of the 
shock strength in order that this type of flow 
can exist. Approximate solutions for strong 
shocks are obtained. 


Spectra of Quiescent and Loop Prominences, 
Harold Zirin, Keith Watson, and G. W. Curtis. 
(Astr. Soc. Pacific Publ., Aug., 1958.) U. Colo. 
Sci. Rep. 9 (AFCRC TN 59-245) [AD 211492}, 
May, 1959. 5 pp. Reprint. 

Interferentsionnye Repery dlia 
Zvezdnykh Spektrografov. V. P. Linnik. 
SSSR Dokl., Feb. 11, 1959, pp. 1,009, 1,010. 
In Russian. Description of an improved ‘method 


- of stellar spectrography. 


Geophysics 


Preliminary Results of 400-MC Radar Investi- 
gations of Auroral Echoes at College, Alaska. 
R. L. Leadabrand, L. Dolphin, and A. M. Peter- 
son. IRE Trans., AP Ser., Apr., 1959, pp. 
127-136. USAF-supported research. 


Radioekho Nekotorykh Nevidimykh Ob’ektov 
Troposfery. A. G. Gorelik and V. V. Kostarev. 
AN SSSR Dokl., Mar. 1, 1959, pp. 59-61. In 
Russian. Description of studies covering radio- 
echos from some invisible objects in the tropo- 
sphere. Certain aspects of the relationship es- 
tablished between the data obtained by means of 
radar sounding and the meteorological conditions 
are outlined. The role of sounding techniques in 
determining the dielectric permeability, the 
spatial distribution, and the concentration of 
inhomogeneities observed in the troposphere is 
stressed. 


Some Studies of the Upper Atmosphere in the 
Auroral Zone. S. Matsushita. (Ann. Géophys., 
Oct.-Dec., 1958.) U. Colo. Sci. Rep. 8 (AFCRC 
TN 59-244) [AD 211491], May,1959. Q9pp. 35 
refs. Reprint. 


Spektry Nochnogo Neba v Oblasti 8200-11200 
A. N. i. Fedorova. AN SSSR Dokl., Mar. 
21, 1959, pp. 535-537. 12 refs. In Russian. 
Analysis of results obtained on the night-sky 
spectra in the 8,200-11,200 A range. 


Polarization of Radar Echoes from Aurora. 
A. Kavadas and D. G. Glass. Can. J. Phys., 
June, 1959, pp. 690-697. Experimental investi- 
gation of auroral radar echoes indicating that the 
received wave, in addition to an unpolarized 
component, contains a linear component of polari- 
zation tilted in the general direction of the earth’s 
magnetic field lines. 


Na Poroge Mezhplanetnykh Poletov. B. 
Mirtov. Grazhdanskaia Aviatsiia, Mar., 1959, 
pp. 12-15. In Russian. Survey of various 
atmospheric phenomena which can be studied 
on the basis of data transmitted from a multistage 
cosmic rocket. 


Mechta Radiation Data. S. N. Vernov, A. 
Ye. Chudakov, P. V. Vakulov, and Yu. I. Loga- 
chev. Astronautics, July, 1959, pp. 23, 86-88. 
Description of Mechta’s instrumentation for 
recording cosmic rays and terrestrial corpuscular 
emission, and discussion of data related to a 
distance range of 8,000 to 150,000 km. from the 
earth’s center. 


€ 
3 
~ 
e 
: 
> 
| 
i 
= 
i 
2 
= 
TV 


a, 


" From the Ford Trimotor in 1929 to the Boeing 707 


jet of today, Kidde nacelle fire extinguishing systems have set 
the standard for the aviation industry. For thirty years Kidde has 
always been ready with lighter weight, more efficient equipment to 
meet the fire safety needs of ever faster and more complex military, 
commercial, and private airplanes. Actually since 1929, Kidde has 
supplied nacelle systems for 272 different models, built by more than 
30 airframe manufacturers! At this very moment Kidde is developing 
still lighter weight, faster operating systems using new, more 
efficient fire extinguishing agents. 


e@ 


Walter Kidde & Company, Inc., Aviation Division 
911 Main Street, Belleville 9, N. J. 


District Sales Engineering Offices: Dallas, Tex.—Dayton, Ohio—St. Louis, Mo.—San Diego, Calii. 
Seattle, Wash.— Van Nuys, Calif.— Washington, D.C. » Walter Kidde-Pacific, Van Nuys, Calif. 
Walter Kidde & Company of Canada Ltd., Montreal — Toronto—Vancouver 
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Twenty-Seventh Annual Meeting, New York, January 26-29, 1959* 


IAS MEMBER PRICE—$0.50 


Hypersonic Viscous Flow Over Slender Cones—L. Talbot, T. Koga and P. M. 
Sherman 


The Cone-Sphere in Hypersonic Helium Above Mach Number Twenty— 
R. H. Johnson 


A Study of Creep Collapse of a Long Circular Cylindrical Shell Under Uni- 
form External Pressure—N. J. Hoff, W. E. Jahsman, and W. Nachbar 


On the Base Pressure Resulting from the Interaction of a Supersonic External 
Stream with a Sonic or Subsonic Jet-—Wen-Lung Chow 


Buckling of a wary Shell Under a Circumferential Band Load—Don O. 
Brush and F. A. Field 


Ths Spectrum of Vertical Velocity Near the Surface—H. A. Panofsky and 
R. A. McCormick 


Piloting Procedures and Some Human Factors Aspects of the VTOL—Transi- 
tion Cycle of the X-13 Aircraft—P. F. Girard 


with the Tilt-Wing Aircraft—W. Z. Stepniewski 
jancik 


Proposed Observations of the Martian Atmosphere—M. D. Ross 
Self-Contained Electric-Hydraulic Accessory Power Unit—R. L. McManus 
Sources of Helicopter Development and Manufacturing Costs—J. B. Nichols 


Flight Airframe System Optimization—!. L. Ashkenas and D. T. 
cRuer 


The Physicist’s Viewpoint: The Function of Universities in the Aero-Space 
Engineering Education—S. F. Singer 


Flexural Vibrations of a Thick Walled Circular Cylinder According to the 
Exact Theory of Elasticity—J. E. Greenspon 


Industry's on Challenge of Space Technology to Aeronautical 
Engineering—G. Merril 


An Investigation of Optimal Zoom Climb Techniques—Henry J. Kelley 


Two Non-Linear Problems in the Flight Dynamics of Modern Ballistic Missiles 
. Nicolaides 


Practical + Lift Systems Using Distributed Boundary Layer Control—J. J. 
ornish 


Some Considerations Relative to oe Induced Structural Fatigue in a 
Supersonic Transport Aircraft—G. L. Getline 


Fail-Safe and Fatigue Development of the Prop-Jet Transport Airplane— 
A. J. York 


Thin Doublers for Fatigue Resistant Aluminum Alloy Structures—C. R. Smith 


Viability Surveillance and Data Collection in Biosatellite Experiments—A. W. 
Hetherington 


What Is Specific Impulse Worth?—E. R. Hinz 

Potentialities and Problems of Nuclear Rocket Propulsion—T. P. Cotter 

Performance of Nuclear Electric Propulsion Systems—V. P. Kovacik and D. P. 

Compare of Current Operational Rotor Systems and a Rotor Having Floating 
Hub and Offset Coning Hinges—M. D. Marks 


Helicopter Stabilization and Improvement by Me- 
chanical Means—M. Vague and C. M. Seibe 


Main Rotor Blade Design and Seam M. Kee 


ical with the Stratospheric Leboratory—W. O. Roberts 
dG. Newkirk, 


i of Automatic oi Control Systems for Manned Space Vehicles— 
A. J. Kelley 


Inertial Guidance for Hypersonic and Orbital Vehicles—G. W. Johnson and 
R icDonald 


ee Senge Through lonized Gas in Space Communicetions—F. J. 
ischer 


A Shock Tube Investigation of Heat Transfer in the Weve of e Hemisphere- 
Cylinder, with Application to Hypersonic Flight—W. E. Powers, K 
Stetson, and Mac C. Adams 


Boundary Layer ni on Blunt Bodies with Highly Cooled Boundary 
Layers—K. F. Stets: 


Experiments on Wall Cooling and Control in a 
Supersonic Nozzle—L. Green, Jr., and K. L. N 


Studies of Pilot Control During Launching and Reentry of Space Vehicles 
Utilizing the Human Centrifuse—C. H. Woodling and C. ©. Clark 


*See page 122 for National Summer Meeting Papers available. 
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59-81 
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a of Escape from Satellite Vehicles—C. V. Carter and W. W. 
uff, Jr. 


A Study of the Effects of Wind Speed, Lapse Rate, and ends - the Spec- 
trum of Atmospheric Turbulence at Low Altitude—R. M. Hen 


Analysis of Atmospheric Turbulence Spectra Obtained from hte Air- 
plane and Tower Measurements—U. Leppe, B. Davidson, and C 
Notess 

Cosmic Ray Detection by Visual Scintillations—H. Yagoda 

The Balloon-Borne Capsule as a Space Flight Trainer—E. E. Beson 


Infra-Red Spectroscopy from Balloons and the Possibility of Some Observations 
on the Biosphere—D. M. Gates 


The Strato-Laboratory as a Systems Testing Platform—James R. Smith 

Special Flight Testing for the Carrier Suitability of Naval Aircraft—R. M. Elder 
New Concept in USAF Flight Test—H. V. Leonhardt 

Man-Machine Integration in Space Vehicles—G. W. Hoover 

Implications of Space Raediations in Manned Space Flight—W. H. Langham 


Turbopumps for High-Energy Propellants—A. Ginsburg, W. L. Stewart, and 
M. J. Hartmann 


A Look at Rocket Propulsion for the Next 25 Years—T. F. Dixon 
Thrust Control of Solid Propellant Rockets—H. W. Ritchey 


Large Deflections of Sipuctures Subjected to External Loads— 
M. J. Turner, E. H. Dill, H. C. Martin, and R. J. M 


The Equation of Balan Systems Some Applications 
in the Supersonic Regime—J. risp 


Transonic and Supersonic of Low-Aspect-Ratio 
Wings and Controls—D. J. Martin and C. E. Watkins 


Convertible Turbojet Engines for VTOL Aircraft—M. A. Zipkin, R. J. Ross- 
bach, and H. Brown 


Age Effect on Goetz, M. C. Demler,R. G. Folsom, 
N. Palley, and E. Lede 


shaded Aerodynamic <i in Hypersonic Rarefied Gas Flow—R. F. 
Probstein and N. H. Kemp 


Viscous Hypersonic Similitude—-W. D. Hayes and R. F. Probstein 


Prapapetion of Weak Disturbances in a Gas Subject to Relaxation Effects— 
F. K. Moore and W. E. Gibson 


Effectiveness of asa Cooling Technique for Hypersonic 
Vehicles—R. A. Anderson and W. A. Brooks, Jr. 


“meee Composite Thermal Structures for Hypersonic Flight—Luigi 
roglio 


Thermo-Elastic Behavior of Simply-Supported Sandwich Panel Under High 
Gradient and C. Chang and |. 
ioglu 
Heat Conduction in a Melting Slab—S. J. Citron 
Integrating the Jet Aircraft into the ATC System—D. D. Thomas 
Operational Aspects of a Propjet Transport—W. H. Arata, Jr. 
The Manufacturer's Flight Test Philosophy—F. C. Rowley 


Requirements of High-Resolution Photography of the Planets—G. de Vaucou- 


eurs 

An Aeronautical Engineering Educator’s Viewpoint on the a iy” of 
Space Technology to Aeronautical Engineering Education—G. on 
Eschen 

Ceare-Grdvnenic Motion of a Charged Body in a Plasma—L. Kraus and 
H. Yoshihara 


Reaponee Accuracy and Display Requirements for Take-Off Monitors— 
grass 


Effect of Injection of Foreign Gases on the Skin Friction & Heat Transfer of the 
Turbulent Boundary Layer—C. Pappas 


The Airplane as a Research Tool—W. C. Williams 


Some Fundamental Problems oe yt ae Injecting, Orbiting, and Re- 
covering a Man From Orbit—R. © kes 


Training in Preparation for Man High I—J. W. Kittinger, Jr. 
Human Factors Considerations in Helicopter Design—W. G. Matheny 


Precision Pressure Altimeters for Air Traffic Separation and Terrain Clear- 
ance—Frederick C. Melchior 


Order by number from: Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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/ 
ENGINEERS 
AND 
SCIENTISTS 
Research Opportunities 


sion of Ford Motor Com- 


pany, has immediate need 
for qualified people to 
staff senior positions at its 
new $22 million Research 
Center in Newport 


Beach, Southern ali- 
fornia. 


The Space Technology 
Operations offers the 
highly desirable combina- 
tion of new facilities and 
advanced equipment, 
located in California’s 
finest environment for 
living and raising a 
family. Investigate these 
exceptionally rewarding 
positions now: 


VEHICLE TECHNOLOGY 


Aerodynamic design 
and testing 

Rocket engine develop- 
ment 

Rocket nozzle and re- 
entry materials 

High temperature 
chemical kinetics 

Combustion and det- 
onation theory 

Combustion thermo- 
dynamics 

High temperature 
structural plastics & 
ceramics 

Advanced structures 

Rocket vehicle systems 


MISSILE DEFENSE 


Supersonic aerody- 
namics 

Aerothermodynamics 

High temperature heat 
transfer 

Space physics 

Re-entry programs 


ASTRO SCIENCES 


Space electronics 

Guidance & control 

Communications 

Instrumentation 

Experimental physics 

Plasma and magneto- 
hydrodynamics 
studies 


Qualified applicants are invited to 
send resumes and inquiries to 
Mr. R. W. Speich, Aeronutronic, 
Dept. 13, Box 451, Newport 
Beach, California. 


AAA 


ANS 


AERONUTRONIC 


a Division of 
FORD MOTOR COMPANY 
Newport Beach 


Vozmozhnyi Mekhanizm Sozdaniia ‘‘Zemnogo 
Korpuskuliarnogo Izlucheniia’’ pod Deistviem 
Kosmicheskikh Luchei. S. N. Vernov, N. L. 
Grigorov, I. P. Ivanenko, A. I. Lebedinskii, 
V.S. Murzin, and A. E. Chudakov. AN SSSR 
Dokl., Feb. 11, 1959, pp. 1,022-1,025. 12 refs. 
In Russian. Analysis of the mechanism of forma- 
tion of terrestrial corpuscular radiation under 
the effect of cosmic rays. Results of measure- 
ments at various latitudes and altitudes are 
presented. 


Artificial Modification of the Earth’s Radiation 
Belt. S. F. Singer. (AAS 5th Annual Meeting, 
Wash., Dec., 1958.) J. Astron. Sci., Spring, 1959, 
pp. 1-10. 30 refs. AFOSR-supported discus- 
sion of a project to modify the radiation belt by 
artificial injection of particles using a small elec- 
tron accelerator carried in a satellite. Such a 
modification would be a means for investigating 
upper atmosphere densities and the trapping 
properties of the earth’s magnetic field. 


Density and Temperature of the Upper Atmos- 
phere. Robert Jastrow. Astronautics, July, 
1959, pp. 24, 25, 108, 109. Analysis of IGY 
rocket and satellite data for temperature and 
density determination showing the strong latitude 
dependence of density. 


The Sun and the Upper Atmosphere. Herbert 
Friedman. Astronautics, July, 1959, pp. 20-22, 
55, 56. Discussion covering solar spectrum data 
obtained through rocket astronomy and the role 
played by solar radiations in the earth’s atmos- 
phere and in interplanetary space. 


Energy Spectra and Nuclear Interactions of 
Cosmic-Ray Particles. N. M. Kocharian, G. S. 
Saakian, and Z. A. Kirakosian. (Zhurnal Teoret. 
i Exper. Fiz., Dec., 1958, pp. 1,335-1,349.) 
Sov. Phys. - JETP, June, 1959, pp. 933-942. 
23 refs. Translation. 


Gravitational Waves in General Relativity. 
III—Exact Plane Waves. H. Bondi, F. A. E. 
Pirani, and I. Robinson. Royal Soc. (London) 
Proc., Ser. A, June 23, 1959, pp. 519-533. 26 
refs. Definition of plane gravitational waves 
and presentation of a general plane wave metric. 
The properties of the waves are studied in detail. 


On Coordinate Conditions in  Einstein’s 
Gravitation I.G. Fikhtengol’ts. (Zhur- 
nal Teoret. 4 xper. Fiz., Dec., 1958, pp. 
1,457-1,465.) Sov. Phys. - JETP, June, 1959, 
pp. 1,108-1,023. Translation. Derivation of 
relations connected with the covariance of 
field equations under transformation of variables, 
and establishment of the relation between co- 
ordinate conditions and invariance of the field 
Lagrangian. The geometrical and physical 
properties of the coordinate systems corresponding 
to the coordinate conditions derived are con- 
sidered. 


Special Issue: The International Geophysical 
Year Meetings. [GY Ann., vol. IIA, Pts. I, 
II, III, IV, 1959. 395 pp. Presentation of re- 
ports of four meetings of the CSAGI providing 
an account of the IGY development, including 
proposals for the scientific program, disciplines, 
and resolutions. 


Positive Ions in the Ionosphere. J. C. Holmes 
and Ch. Y. Johnson. Astronautics, July, 1959, 
pp. 30, 31, 102, 104, 105. Description of the 
rocket instrumentation for measuring the upper 
atmosphere’s ambient neutral gas, and positive- 
and negative-ion compositions. Results . are 
presented. 


Approach to the Ionosphere. W. W. Bening. 
Astronautics, July, 1959, pp. 26, 27, 116, 117. 
Discussion of past and present techniques for 
ionospheric studies with their limitations. and 
possibilities. 


Electrically Charged Bodies Moving in the 
Earth’s Magnetic Field. W. W. Fain and B. J. 
Greer. ARS J., June, 1959, pp. 451-453. Pres- 
entation of two-dimensional equations to de- 
termine the effect on the path of< electrically 
charged bodies moving in the earth’s magnetic 
and gravitational fields. 


Optics 


Fotoelektricheskie Izmereniia Indikatris Ras- 
seianiia v Prizemnom Sloe Atmosfery. P. N. 
Boiko, G. Sh. Livshits, and T. P. Toropova. 
AN SSSR Doki., Feb. 1, 1959, pp. 803-805. 
In Russian. Description of photoelectric meas- 
urements of light scattering in the lowet levels 
of the atmosphere. 


Tochechnyi Istochnik Svetovogo Izlucheniia v 
Rasseivaiushchei Srede. L. A. Galin. Prikl. 
Mat. i Mekh., Mar.-Apr., 1959, pp. 299-304. 
In Russian. Calculation of the distribution of 
light waves radiated by a point source in a dif- 
fusion medium, under the assumption of an 
isotropic diffusion, 


The Inverse Scattering Problem in Geometrical 
Optics and the Design of Reflectors. J. B. 
Keller. JRE Trans., AP Ser., Apr., 1959, pp. 
146-149. USAF-supported study of methods 
to find the shape of a reflector which produces 
a prescribed scattered wave. Plane, cylindrical, 
and spherical incident waves are considered. 
The problem is solved by means of explicit for- 
mulas for cylindrical and for rotationally sym- 
metric objects, 


September 1959 


Expanding the Frontiers 
of Space Technology in 


THERMO- 
DYNAMICS 


W Lockheed’s capabilities in gas 
dynamics and thermodynamics 
are unsurpassed in private indus- 
try. Basic work is being per- 
formed in boundary layer flow 
and heat transfer; cooling and 
insulation; thermodynamic flight 
test; instrumentation; rocket 
motor controls and nozzle struc- 
tures; reentry and materials; thin 
film thermometry; and measure- 
ments of dissociation and re- 
combination reactions. 

Fundamental studies include 
hypersonic aerodynamics; envi- 
ronmental effects on satellite 
surfaces; magnetohydrody- 
namics; ultra-violet and infrared 
radiation from high temperature 
air flows; structure of hypersonic 
shock waves; new measurement 
methods; analysis of boundary 
layers near melting surfaces and 
study of lag or nonequilibrium 
in high speed flow through shock 
waves. 

Latest equipment includes an 
electrically-driven wind tunnel 
fastest in industry—which pro- 
duces air flows to Mach 20-plus 
and stagnant temperatures 
approaching 16,000°F, with an 
instantaneous power output of 
20 million kilowatts. A  spark- 
heated, magnetically driven 
research shock tube produces 
velocities of over Mach 250 and 
temperatures of 500,000°F. A 
specially designed electric gun 
has accelerated projectiles to 
speeds approaching 20,000 
ft/sec. 


ENGINEERS AND 
SCIENTISTS 
Lockheed Missiles and Space 
Division programs reach far into 
the future and deal with un- 
known environments. If you hold 
a degree and are experienced in 
thermodynamics or have back- 
ground in related work, we invite 
your inquiry. Write: Research 
and Development Staff, Dept. 
I-11, 962 W. El Camino Real, 
Sunnyvale, California. U.S. citi- 

zenship required. 


Lochheed 


MISSILES AND SPACE 
DIVISION 


Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER, SENTRY 
and MIDAS; Army KINGFISHER; 
Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA. 
CAPE CANAVERAL, FLORIDA | 
ALAMOGORDO, NEW MEXICO ® HAWAII 
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Power Plants 


Special Issue: Probleme der Triebwerksent- 
wicklung. Luftfahrttechnik, Apr. 15, 1959, pp. 
101-140. 105 refs. In German. Partial Con- 
tents: Versuchsanlage fiir Staustrahltriebwerke 

E.C.M.A. in Melun-Villaroche, R. 
Féraud, M. J. Jannot, and R. Alder. Einige 
Betrachtungen tiber den Entwurf von Trieb- 
werken fiir Kurz- bis Mittelstrecken-Verkehrs- 
flugzeuge, H. Pearson and R. M. Fitzgerald. 
Uberschall-Axialverdichter—Zukun ftsmé6glich- 
keiten der Turbotriebwerke, H. Bischoff. Schall- 
dampfung von Forschungs- und Entwicklungs- 
anlagen fiir Strahltriebwerke, H. Dahlen and W. 
Lohse. Hauptlinien der Entwicklung neuzeitli- 
cher Raketentriebstoffe, A. Dadieu. Flugtrieb- 
werksentwicklung im Spiegel des Schrifttums, 
A. R. Weyl. Survey of the literature on the 
development of power plants, including instal- 
lations for testing ram-jet engines; some prob- 
lems in the design of engines for short-to-medium 
range aircraft; ultrasonic axial flow compressors; 
noise problems; and modern trends in the de- 
velopment of rocket fuels. 


Secondary Power in Advanced Flight Vehicles. 
Kelso Jones. Aero/Space Engrg., Aug., 1959, pp. 
54-57, 63. Analysis of the types of vehicles and 
the secondary power required for space explora- 
tion, and discussion of some of the objectives 
and problems in the field. 

Symbiosis Shows the Way to Supersonic Suc- 
cess. Aeronautics, June, 1959, pp. 4 
Historical survey covering the development of 
the Griffon and the turbo-ramjet power plant, 
as well as discussion of their characteristics. 


Plasma Engine Delivers Nearly 2-lbs. Hal 
settings. Missiles & ‘Rockets, June 8, 1959, 
pp. 34-36. Description of a magnetic pinch 
engine that produces a peak thrust of more than 
4,000 Ibs. with a specific impulse of over 1,700 
sec. 


Jet & Turbine 


Tendances Nouvelles en Matiére de Turbo- 
Réacteurs. Lucien Ickx. Air Revue, Apr., 1959, 
pp. 177-179. In French. Survey of trends in 
the development of turbojet power plants. 

Why Free Turbines? D. P. Edkins. Aero/- 
Space Engrg., Aug., 1959, pp. 58-63. Brief 
summary of the characteristics of the helicopter 
rotor and the propeller as they affect the engine, 
and examination of the solid-spool,twin-spool, 
and free turbine turboprops. The inherent ad- 
vantages of the free-turbine type engine with 
variable compressor stators are shown. 


Turbojet Lift Engine Design for VTOL Trans- 
ports. M. J. Saari. (JAS-CAI Joint Meeting, 
Ottawa, Oct. 7, 8, 1958, Preprint 853.) Can. 
Aero. J., June, 1959, pp. 15-223. 

Computer Application to Fuel System Design 
and Development. M. Tusiewicz. (CAI 
Annual Gen. Meeting, Toronto, May 27, 1958.) 
Can. Aero J., June, 1959, pp. 224-232. Outline 
of the problem of turbojet engine control and dis- 
cussion of possible solutions. The dynamics of 
the basic element of a hydraulic control system 
are examined, the turbojet engine dynamics are 
studied, and different levels of engine simulation 
are discussed. 

Which Starter Will You Use? SAE J., 
June, 1959, pp. 78-80. Discussion of basic 
components and characteristics of serveral types 
of starter systems for jet engines. 


Etude du Coefficient de Frottement dans une 
Articulation Portée a Haute Température. 
D. Huréand R. Brunetaud. Docaéro, May, 1959, 
pp. 31-38. In French. Experimental investi- 
gation covering the calculation of the friction 
coefficient in jet power-plant joints subjected to 
high temperatures. Includes description of test 
methods, selection of test cycle, and results ob- 
tained. Specific examples of high-temperature 
materials are also discussed. 


What Makes the Tu-104 so Hot? R. A. 
Cole. Aircraft & Missiles Mfg., July, 1959, pp. 
48, 49. Brief discussion of the development of 
a special exhaust nozzle, the Vulis nozzle, which 
adds heat to the turbine exhaust. Thrust in- 
creases from 18 to 22 per cent are obtained. 


Ram-Jet & Pulse-Jet 


Remarques sur |’Adaptation de la Tuyére de 
Sortie d’un Statoréacteur pour le Vol a un 
Nombre de Mach Elevé. Leynaert. La 
Recherche Aéronautique, Mar.-Apr., 1959, pp. 
37, 38. In French. Brief discussion covering 
the modification of ram-jet exhaust nozzles to 
flight at high Mach Numbers. 


Rocket 


Suppression of Combustion Instability in the 
Plungerjet Rocket Engine. Herbert Shieber. 
ARS J., June, 1959, pp. 446, 447. 


Effect of Ozone Addition on Combustion Ef- 
ficiency of Hydrogen-Liquid-Oxygen Propel- 
lant in Small Rockets. R. O. Miller and D. D. 
Brown. U.S., NASA Memo. 5-26-59E, June, 
1959. 18 pp. Experimental study showing that 
2 per cent by weight ozone in oxygen has little 
effect on overall reactivity for a range of oxidant- 


fuel weight ratios from one to six. Explosions 
were encountered when ozone concentrated 
locally. The experiments show that even small 
amounts of ozone in oxygen can cause operational 
problems. 

Packaged Propulsion. Kenneth Gatland. The 
Aeroplane & Astronautics, June 12, 1959, pp. 
679-681. Description of the two-stage, solid 
propellant Polaris system and discussion of the 
thrust determination. 

Storable Liquid Propellants Look Good for 
Drone Rockets. II. R. P. Reul. Space Aero- 
nautics, July, 1959, pp. 75, 76, 78, 81. Presen- 
tation of basic design criteria for storable liquid 
propellant engine systems. Information is given 
on thrust chambers, valves and regulators, and 
propellants for optimum system application. 

Dimensionnement Optimum de Tuyéres de 
Propulseurs-Fusées. E. le Grivés and P. 
Larue. La Recherche Aéronautique, Mar.-Apr., 
1959, pp. 9-14. In French. Analysis covering 
the optimum size of rocket nozzles in terms of 
thrust efficiency at high altitudes, and derivation 
of compromise values for various ranges of the 
relevant parameters. 


Ob Opredelenii Nekotorykh Parametrov Vspo- 
mogatel’nykh Raket. D. Pavelesku and D. 
Olaru. (Stud. Cerc. Mec. Aplic., No. 1, 1957.) 
Rev. Méc. Appl., No. 4, 1958, pp. 417-426. 
In Russian. Description of the apparatus de- 
signed to determine certain parameters of 
auxiliary rockets and the source of combustion 
instability. 

Experimental Altitude Performance of JP-4 
Fuel and Liquid-Oxygen Rocket Engine with an 
Area Ratio of 48. Anthony Fortini, Ch. D. 
Hendrix, and V. N. Huff. US., NASA Memo. 
5-14-59E, May, 1959. 27 pp. 


Production 


Special Issue: Suppliers Directory. Tool 
Engr., June 15, 1959. 514 pp. Extensive ref- 
erence guide to products, manufacturers, and 
sales offices, including alphabetically arranged 
listings of materials, machining, treating and 
finishing, inspection and testing, auxiliary equip- 
ment, and special products. 

Thrust Alignment in Rockets. Aircraft & 
Missiles Mfg., July, 1959, pp. 12-14. Descrip- 
tion of techniques used by Rocketdyne to match 
the centerline of the thrust chamber with a line 
perpendicular to the plane of engine mounts. 


Jupiter—By Chrysler. J. S. Sheldon. Air- 
craft & Missiles Mfg., July., 1959, pp. 26-30. 
Discussion of the construction techniques and 
quality control methods used in the production 
of Jupiter missiles. 

Der deutsche Nachbau der Noratlas 2501. 
II—Bau der Aussenfliigel und der Leitwerke bei 
der Siebelwerke-ATG GmbH, Donauwéirth. 
E. Stang. III—Die Herstellung des Fliigelmit- 
telstiickes, der Leitwerktriger, die Aufriistung 
des Wechseltriebwerkes und die UWberholung 
des Flugzeuges bei der Weser Flugzeugbau 
GmbH, Bremen. A. Niehus. Flugwelt, Mar; 
May, 1959, pp. 94-98; 173—176. In German. 
Further survey covering the production of the 
Noratlas 2501, including the equipment used for 
wing and tail assembly, rigging of reciprocating 
engines, and overhaul of the aircraft. 

Vickers Vanguard. I—Evolution of Design: 
Fuselage Assembly. Aircraft Prod., July, 1959, 
pp. 258-269. 


Metalworking 


Designing ‘‘Hot’’ Engine Parts. C. W. 


Schwartz. Aircraft & Missiles Mfg., July,. 


1959, pp. 22-24. Description of the investment 
casting process and its ancillary vacuum melting 
technique for producing turbine blades, vanes, 
and nozzles. 


When Aluminum Forgings Become Practical. I. 
D. D. Erhard and E. C. Rebro. Prod. Eng., 
June 22, 1959, pp. 76-78. Discussion of optimum 
design practice for aluminum forgings. 


Elastic Impact of Bars with Cylindrical Sections 
of Different Diameters and of Bars with Rounded 
Ends. II—On Longitudinal Impact. H. C. 
Fischer. Appl. Sct. Res., Sect. A, No.4, 1959, pp. 
278-308. 12 refs. 


Complex Tungsten Parts—New Forming Meth- 
ods Make Them Practical. R. W. Yancey. 
Materials in Des. Eng., June, 1959, pp. 74-79. 
Discussion covering the physical properties of 
tungsten and the development of hot-working 
techniques. 


Optical Form-Grinding; Equipment for the 
Accurate Control of Ground Profiles. Aircrafi 
Prod., July, 1959, pp. 246-250. 


High-Speed Boring. I—Carlstedt Deep-Hole 
Boring Installation at Accles and Pollock Ltd. 
H. J. Pearson. Aircraft Prod., July, 1959, pp. 
272-282. 

Welding Nimonic; Practice in the Manufacture 
of Gas-Turbine Assemblies. R. Levick and P. A. 
ae Aircraft Prod., July, 1959, pp. 251- 


Heat-Extractive Brazed Bimetals Show Prom- 
ise for Missile and Industrial Applications. 
R. C. Bertossa and Steven Rau. (AWS 40th 
Annual Meeting, Chicago, Apr. 6-10, 1959.) 


Welding J. Res. Suppl., July, 1959, pp. 273-s— 
281-s._ Results of a research program showing the 
feasibility of applying vacuum-brazing techniques 
to the protection of refractory metals under short- 
term exposures to temperatures up to and ex- 
ceeding 3,600°F. 

New Developments in the Welding of Alumi- 
num. R. L. Hackman. (AWS 40th Annual 
Meeting, Chicago, Apr. 6-10, 1959.) Welding J., 
July, 1959, pp. 676-684. Discussion of (a) the 
inert-gas consumable-electrode process as applied 
to the welding of very thin or thick material 
and (b) the tungsten-are processes for spot weld- 
ing. 

Certain Structural Properties of Ultrasonic 
Welds in Aluminum Alloys. J. B. Jones and W. 
C. Potthoff. (AWS 40th Annual Meeting, Chi- 
cago, Apr. 6-10, 1959.) Welding J. Res. Suppl., 
July, 1959, pp. 282-s-288-s. 10 refs.. Test 
results indicating that ultrasonic welds have 
higher shear strengths than fusion-type welds in 
aluminum alloy up to 0.071-in. thick and require 
less critical sheet-surface preparation. 

Kinetika Protsessa Plavieniia i Perenosa 
Elektrodnogo Metalla pri Dugovoi Svarke. 
A. A. Erokhin and V. A. Petrunichev. AN 
SSSR Otd. Tekh. Nauk Izv. Metall. i Toplivo, 
Mar.-Apr., 1959, pp. 70-77. In Russian. Re- 
sults of experiments using high-speed photogra- 
phy to study the kinetics of the melting and metal 
transfer process in arc welding. 


Le Contréle Radiographique des Points de 
Soudure par Résistance dans les Alliages Légers 
du Type AU4G et AZS5GU. O. Casadei. Tech. 
& Sci. Aéronautiques, Dec., 1958, pp. 255-268. 
In French. Description of the technique and 
equipment used for studying metallurgical char- 
acteristics and physical flaws of resistance-welded 
joints made of light alloys of the AU4G and 
AZ5GU type. 


Production Engineering 


Practical Statistical Quality Control in the 
Airframe Industry. I. J. ¥. McClure. Ind. 
Quality Control, June, 1959, pp. 5-9. Discussion 
of quality control in assembly, pre-flight, and 
final inspection. Quality assurance reports for 
supervision and management are also discussed. 


Propellers 


A Wind-Tunnel Investigation of the Aero- 
dynamic Characteristics of a Full-Scale Super- 
sonic-Type Three-Blade Propeller at Mach 
Numbers to 0.96. A. J. Evans and George Liner. 
U.S., NACA Rep. 1375, 1958. 42 pp. Supt. 
of Doc., Wash., $0.25. 


NASA Memo. 4-19-59L, May, 1959. 22 pp. 
Flight investigation of the performance of an 
advance-ratio-4.0 propeller designed for a Mach 
Number of 0.82 showing an efficiency of 68 per 
cent. A comparable propeller designed for opti- 
mum advance ratio ( ~ 3) would have an efficiency 
as much as 15 per cent higher. 


Research, Research Facilities 


Problems of Ground Simulation of Long-Range 
Space Flight Environmental Conditions. T. C. 
Helvey. (Internatl. Astron. Fed. Congr., Amster- 
dam, Aug. 25-30, 1958.) IRE Trans., SET 
Ser., June, 1959, pp. 57-60. Discussion of the 
simulation of multiple stresses and low-fre- 
quency, high-amplitude vibrations for structures 
or components; a chamber for simulating meteoric 
environment; a human oscillator; and other 
equipment for space simulation. 


Full-Scale Propulsion Testing in Wind Tunnels. 
R. W. Hensel and H. K. Matt. USAF AEDC 
TR 59-9 [AD 214888], May, 1959. 78 pp. 
40 refs. Review of the development of full- 
scale propulsion testing, covering the range from 
low subsonic speeds at close to sea level conditions 
to high supersonic speeds at altitudes of over 
100,000 ft. 


The Large High Pressure Arc Plasma Gen- 
erator: A Facility for Simulating Missile and 
Satellite Re-Entry. P. H. Rose, W. E. Powers, 
and D. Hritzay. Avco Everett Res. Lab. RR 56, 
June, 1959. 30 pp. 12 refs. Description of an 
are plasma generator and its application to hyper- 
sonic and supersonic wind tunnels as a source of 
high-pressure, high-enthalpy air. 


Ground-Testing the Ramjet. Philip Geddes. 
Aircraft & Missiles Mfg., July, 1959, pp. 44-47. 
Description of engine tests using a blowdown 
air supply and jet engines as a heat source for the 
air. 


High Power Pulse Steepening by Means of 
Exploding Wires. G. S. Janes and H. Koritz. 
Avco Res. Lab. RR 50, Apr., 1959. 19 pp. 
Description of a circuit technique which reduces 
the rise times of high power pulses by means of 
exploding wires. 

Un Nouveau Laboratoire d’Essais 4 1’Etablis- 
sement Aéronautique de Toulouse. M. Basseguy 
and M. Rio. Tech. & Sci. Aéronautiques, Dec., 
1958, pp. 293-297. In French. Description of 
various facilities available at the new laboratory 
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of the Aeronautical Establishment in Toulouse, 
France. 


Wind Tunnels 


_A Cool Mercury Plasma Tunnel. H. U. 
J. Aero/Space Sci., Aug., 1959, pp. 
ll refs. Discussion of radio-frequency 
excitation of supersonic flow as a possible means 
of studying effects of ionization at moderate 
temperatures. The heat of recombination coun- 
teracts liquefaction of the flow during expansion 
and permits the use of a vaporized liquid (mer- 
cury) as a testing medium. 

Idées Directrices de |’Etude d’une Soufflerie 
Transsonique. Appendix—Corrections de Pa- 
rois. Robert Legendre. La Recherche Aéro- 
nautique, Mar.-Apr., 1959, pp. 3-8. In French. 
Evaluation of the basic problems leading to the 
modifications of the Modane wind tunnel neces- 
sary for transonic tests. 


Rotating Wing pot, Helicopters 


French Hel ter Dev t LF. Gc. 
“Gt. Brit. 


Legrand. Meeting, 
London, Apr. 10, 1959.) Helicopter Assn. Gl. 
Brit. J., June, 1959, pp. 157-175; Discussion, 


pp. 176-184. Outline of the helicopter develop- 
ment in France and evaluation of the Djinn and 
the Alouette. New designs and prototypes being 
presently developed are also covered. 
Universal’nyi Vertolet. V. Birinlin. <Aryl'ia 
Rodiny, Apr., 1959, pp. 20, 21. In Russian. 
Description of the Soviet helicopter Ka-15, 
including the rotor design, piloting, and uses. 
Limited Evaluation of the H-37A Equipped “-s 
Wide Chord Blades. J. D. Davidson and W. 
Lake. USAF FTC TR 59-14 [AD 914005), 
May, 1959. 39 pp. Test results showing that 
the handling characteristics are essentially the 
same with either blades, except for a slight im- 
provement with the wide chord blades when oper- 
ating in blade stall. 

Vibrations in Helicopters: Training aero 
ations. R. J. Randle, Jr. U SAF WADC TN 
59-61 [AD 212314], Mar., 1959. 7 pp. Siete 
of the role of vibrations in piloting helicopters. 
The most important vibrations and their causes 
are discussed along with training considerations. 
For a Cubic Concept of Warfare. D. M. 
Desoutter. Aeronautics, June, 1959, pp. 34- 
39. Critical discussion of the specific roles and 
the advantages of using large helicopters for 
military purposes. The use of the Westminster 
helicopter is stressed and its characteristics are 
described. 


Safety 


Factors Involved in ory | the Efficiency 
of Fire ETE! Age L. Hough. 
USAF WADC TN 58- TAD 703398), 

1959. 66 pp. 


Crash-Fire Protection System for T-56 Turbo- 
propeller Engine Using Water as Cooling and 
Inerting ——. A. M. Busch and J. A. Camp- 

‘ NASA Memo. 6-12-59E, May, 


Structures 


Structural Interplay: Design and Materials. 
George Gerard. Aero/Space Enegrg., Aug., 
1959, pp. 37-42. Examination of elements 
involved in the materials-structures problem 
area for compression and tension structures, and 
review of the nature of the interplay among these 
elements. Thermal protection systems are also 
discussed. 

* Approximate Bending Moment Diagrams for 
Flight Maneuvers. P. W. Sharman. J. Aero/ 
Space Sci., Aug., 1959, pp. 530-532. Determina- 
tion of the approximate bending moment through 
a few uniformly distributed loads. Steady- 
state and transient maneuvers are considered. 


Beams & Columns 


Oscillatory Properties * the Equilibrium Forms 
of a Beam Column. . Kondrat’ev. (Prikl. 
Mat. i Mekh., July- tot , 1958, pp. 541-543.) 
PMM—Appl. Math. & Mech., No. 4, 1958, 
pp. 754-757. Translation. 


Minimizing Maximum Beam Moments. B. 
Saelman and L. C. Coombs. Mach. Des., 
June 11, 1959, pp. 173-176. Presentation of 
equations and charts for finding optimum loca- 
tion of supports in simply supported beam struc- 
tures where weight is critical. 


Connections 


Determination of the Creep Deflection of a 
Rivetin Double Shear. Joseph Marim. (ASME 
Annual Meeting, New York, Nov. 30-Dec. 5, 
1958, Paper 58-A-47.) ASME Trans., Ser. 
E - AM, June, 1959, pp. 285-290. Development 
of an approximate theory for the determination 
of the creep deflection of a rivet due to both shear 
and bending, in terms of creep constants of the 
material in simple tension. 
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Cylinders & Shells 


Sviaz’ Mezhdu Dislokatsiiami i Sosredoto- 
chennymi Vozdeistviiami v Teorii Obolochek. K. 
F. Chernykh. Prikl. Mat. i Mekh., Mar.- 
Apr., 1959, pp. 249-257. In Russian. Deriva- 
tion of values characterizing the deformation of 
a normal element used to determine the relation- 
ship between the dislocations and the concen- 
trated forces in the theory of shells. 

Influence Coefficients for Edge-Loaded Short, 
Thin, Conical Frustums. J. H. Baltrukonis 
West Coast Conf. Appl. Mech. Div., 
Los Angeles, Sept. 8-10, 1958, Paper.) ASME 
Trans., Ser. E+ AM, June, 1959, pp. 241-245. 
Derivation of an exact solution in terms of Kelvin 
functions for a conical frustum with interacting 
edge loadings. Expressions for the edge-de- 
flectional and rotational influence coefficients 
are presented in matrix form, and approximate 
expressions for the influence coefficients are 
evolved by using one-term asymptotic expan- 
sions for the Kelvin functions. 


Elasticity & Plasticity 


Diffraction of Elastic Waves in a Homogeneous 
Medium Clamped Along a Half-Plane. Maurice 
Roseau. Commun. on Pure & Appl. Math., 
Feb., 1959, pp. 67-85. 

On the Representation of the General Solution 
of the Basic Equations of the Static Theory of 
Elasticity for an Isotropic Body with the Aid 
of Harmonic Functions. V. I. Blokh. (Prikl. 
Mat. i Mekh., July-Aug., 1958, pp. 473-479.) 
PMM—Appl. Math. & Mech., No. 4, 1958, pp. 
659-668. Translation. 


On Work-Hardening of Plastic Solids. Khuan 
Ke-Chzhi. (Prikl. Mat. i Mekh., July-Aug., 
1958, pp. 544-546.) PMM—Appl. Math. & 
Mech., No. 4, 1958, pp. 758-762. Translation. 


Study in which the law of deformation for the 
plane state of stress is treated as a special case of 
the law for the three-dimensional state of stress. 

Discontinuous Solutions of Space Problems in 
the Theory of Ideal Plasticity. D. D. Ivlev. 
(Prikl. Mat. i Mekh., July- Aug., 1958, pp 
479-486.) PMM— Appl. Math. & Mech., No. 
4, 1958, pp. 669-677. Translation. Analysis of 
the three-dimensional problem when the plastic 
state of stress corresponds to the edge of a prism, 
which interprets the Tresca-Saint Venant’s con- 
dition of plasticity in the space of principal 
stresses 

Elastic Wave Propagation in Homogeneous and 
Inhomogeneous Media. F. C. Karal, Jr., 
and J. B. Keller. ASA J., June, 1959, pp. 
694-705. Development of a general method for 
treating the linearized equations of elasticity of 
homogeneous and inhomogeneous media which 
yields solutions describing propagating waves 
that may be pulses, rapidly changing wave forms, 
or periodic waves. 

Propagation of Traveling Waves in a Circular 
Cylinder Having Hexagonal Elastic Symmetry. 
N. G. Einspruch and Rohn Truell. ASA J., 
June, 1959, pp. 691-693. 10 refs. Army-sup 
ported derivation of exact expressions for the 
displacements produced by compressional and 
torsional modes and of a condition relating the 
frequency and wave number of the torsional wave. 
It is shown that the two modes propagate inde- 
pendently without coupling either through the 
equation of motion or the boundary conditions. 


A Reassessment of Deformation Theories 
of Plasticity. Bernard Budiansky. (ASME 
Annual Meeting, New York, Nov. 30-Dec. 5, 
1958, Paper 58-A-54.) ASME Trans., Ser. 
E-AM, June, 1959, pp. 259-264. Analysis 
showing that deformation theories may be used 
for a range of loading paths other than propor- 
tional loading without violation of general re- 
quirements for the physical soundness of a plas- 
ticity theory. The extent to which deviations 
from proportional loading are admissible on this 
basis is calculated quantitatively for the simple 
deformation theory of Nadai. 

K Resheniiu Dinamicheskoi Zadachi Teorii 
Uprugosti dlia Poluploskosti pri Smeshannykh 
Granichnykh Usloviiakh. V. A. Sveklo. Prikl. 
Mat. it Mekh., Mar.-Apr., 1959, pp. 266-273. 
In Russian. Derivation of a solution for the 
dynamic problem in the theory of elasticity cov- 
ering the case of a half-plane under mixed 
boundary conditions. 


Publications abstracted may be 
borrowed from the IAS Library. 
In making inquiry, please men- 
tion the month of Aero/Space 
Engineering in which the abstract 
appeared. This will facilitate 
servicing of requests. 
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O Zakonomernostiakh Kinetiki Deformatsii 
v Zavisimosti ot Podatlivosti Nagruzheniia. ‘ 
K. Zilova, N. I. Petrukhina, and la. B. Fridman, 
AN SSSR Dokl., Feb. 21, 1959, pp. 1,236-1,239 
10 refs. In Russian Description of tests per. 
formed in order to determine the kinetics of 
deformation in terms of the flexibility of the 
loading system. 

O Vozmozhnom Puti Postroeniia Sootnoshenii 
Plastichnosti. V. D. Kliushnikov. Prikl. Mat. 
t Mekh., Mar.-Apr., 1959, pp. 282-291. In Rus- 
sian. Tentative definition of the necessary as- 
sumptions for determining the relationship be- 
tween stress and deformation. 

O Poniatiiakh Prostogo ae io 
Vozmozhnykh Putiakh Deformatsii. L. I. Sedov. 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 400 402. 
In Russian. Analysis of the concept of simple 
loading, including the process of deformation in 
continuous media. The results can be applied 
to cases of gaseous, liquid, plastic, and solid 
bodies. 

O Mbodelirovanii Pervoi Osnovnoi Zadachi 
Ploskoi — Uprugosti dlia Mnogosviaznykh 
Oblastei. D. Kliachko. Prikl. Mat. i Mekh., 
Mar.-Apr., 398, 399. In Russian. For. 
mulation of the first basic problem in the theory 
of elasticity for certain regions, covering two 
specific examples. 

Ob Usloviiakh na Frontakh Uprugikh Voln, 
Rasprostraniaiushchikhsia vy Neodnorodnoi Srede. 
A. A. Gvozdev. Prikl. Mat. i Mekh., Mar.-Apr., 
1959, pp. 395-397. In Russian. Study of the 
conditions along the front of elastic waves prop- 
agating in an ideally elastic inhomogeneous me- 
dium. 

On Finite Elastic Deformations with a Per- 
turbed Strain-Energy Function. J. M. Spencer. 
Quart. J. Mech. & Appl. Math., May, 1959, pp. 
129-145. OOR-sponsored development of a 
theory for a new strain-energy function to solve 
a problem for the displacement and stress com- 
ponents in the simultaneous extension, inflation, 
and shear of a cylindrical tube. 

Torsion of Composite Epitrcchoidal Sections. 
P. P. Chattarji. ZAMM, Mar.-Apr., 1959, 
pp. 135-128. Application of techniques of the 
complex function theory to study the torsion 
problem for sections of two different isotropic 
materials. 


Fatigue 


Heating and W. D. 
Kroll. U.S., NASA Memo. 6-4-59W, June, 1959. 
30 pp. 127 ‘refs. Review of the physical con- 
ditions under which future aircraft will operate, 
and survey of the literature covering studies of 
elevated-temperature fatigue. 


Designing for Longer Fatigue Life. F. D. 
Taylor. Appl. Hydraulics & Pneumatics, June, 
1959, pp. 120, 122, 123. Discussion covering 
methods to determine the required fatigue life 
for hydraulic components, the geometry of good 
design, and measurement of fatigue life. 


Plates 


Elastic Instability of Stiffened Sheet Under 
Compression Reacted by Shear. J. B. Caldwell. 

AeS J., June, 1959, pp. 366, 367. 

Effect of Rotary Inertia on the Frequencies 
of Vibration of Stiffened Plates. R.L. Thorkild- 
sen and W. H. Hoppmann, II. ASME Trans., 
Ser. E- AM, June, 1959, pp. 298-300. Analysis 
showing that the effect of rotatory inertia be- 
comes increasingly important as the vibration 
increases. Frequencies obtained from the analy- 
sis are compared with experimental values. 

Strain-Hardening Solutions to Plate Problems. 
Nicholas Perrone and P. G. Hodge, Jr. (ASME 
West Coast Conf. Appl. Mech. Div., Los Angeles, 
Sept. 8-10, 1958, Paper.) ASME Trans., Ser. 
E-AM, June, 1959, pp. 276-284. 14 refs. 
Derivation of two sets of strain-hardening flow 
laws, called complete and direct hardening, for 
circular plates made of an initially Tresca ma- 
terial on the basis of an analogy with a kine- 
matic model. Complete and direct-hardening 
solutions are obtained for three different plate 
problems. Results indicate that the direct- 
hardening solutions give a fair approximation to 
the complete-hardening ones. 

Osesimmetrichnoe Napriazhennoe Sostoianie 
Tonkoi Kol’tsevoi Plastinki. R. A. Adadurov. 
AN SSSR Dokl., Feb. 11, 1959, pp. 1,005- 
1,008. In Russian. Derivation of an _ exact 
solution for the problem of axisymmetrically 
stressed annular plates. 

Spannungsoptische Untersuchung einer Krag- 
platte mit linear verdnderlicher Dicke. H. 
Schwieger and G. Haberland. (GAMM-Tagung, 
Stuttgart, May 22-26, 1956.) ZAMM, Mar.-Apr., 
1959, pp. 85-100. 16 refs. In German. De- 
velopment of a method and application, in con- 
junction with photoelastic techniques, to the study 
of finite cantilever plates with locally varying 
flexural rigidity. 

Math Begriindung der Scheibenthe- 
orie (zweidimensionale Elastizititstheorie). Die- 
trich Morgenstern. Arch. Rational Mech. & 
Anal., Mar. 24, 1959, pp. 91-96. In German. 
Development of a two-dimensional elastic disc 
theory. The fundamental equations of the linear 
tri-dimensional theory of elasticity and the two- 
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Space Transports 

are under development now, 

capable of transporting a pilot and . 
1000 pounds of payload or three 
passengers— equipped to work in space 
—toan orbit of 1000 miles altitude. 
Indications are that an operational 
vehicle will be feasible and practical 
in the 1965 period. 


PROJECTS 


FOR FUTURE 1s 
DECADES IN SPACE eee another Lockheed Progress Report to Engineers 


lotting the nation’s future space exploration projects Infrared Systems studies are being conducted using an 
pauires the capabilities of a forward-looking company; a method of detecting fast-moving missiles and high-speed 


ewith vision, superiority in technical skills and advanced 
cilities. Lockheed, Burbank, long a leader in extending been awarded to Lockheed for supersonic vehicles of improved 


escience of flight, is placing its vast resources and accu- ee. a configurations with speed ranges between 
ulated knowledge into programs designed to provide ; 
ajor breakthroughs in the fields of: Basic and applied 
arch; manned aircraft of advanced design; missiles and 
cecraft. Shown here are artists’ renderings of a few of 
ese important projects. Such project diversification calls 
t high-level technical skill, offers genuine challenge to 


VTOL 


Vertical Take-off and Landing Projects —Lock- 
perienced engineers. At Lockheed these varied projects heed, Burbank, is engaged in exploring the potential of VTOL 


y : : : : projects on a very broad scale. Different VTOL features are embod- 

A mire engineers 1n any fields. Take advantage of this ied in each proposal. Considerable emphasis is being placed on 

é eed. Go forward with a forward-looking company: VTOL “air recovery” vehicles, designed for air rescue and reentry 

 fockheed, Burbank. missiles recovery missions. 

> Solar Radiation Studies-—are being conducted at Lock- 

or heed’s flight test radio station at Briar Summit, California, placing 

af SUPERSONIC TRANSPORT particular emphasis on solar flares. 

n 

te Manned Vehicle studies are being conducted con- 

A cerning fundamental problems associated with landing 

; manned vehicles capable of hypersonic glide or orbit 

- above the earth. 

oo High caliber scientists and engineers are invited to take 

lly advantage of Lockheed’s outstanding career opportunities. Open- 

me ; ings now exist in: Aero-Thermodynamics; propulsion; armament; 

H. fupersonic Transports -— have held an important place electronics—research and systems; instrumentation—wind tunnel; 

ve, our thinking for the past several years. Extensive wind tunnel servomechanisms—flight controls; dynamic analysis methods; 

De-  fMShave been conducted on many design concepts, supplemented operations research; electrical instrumentation; physics; antenna; Ee 
A exhaustive laboratory and structure studies. Lockheed is pre- underwater sound propagation; and manufacturing research. Write a 
ing ed to build an airliner that will travel at speeds in excess of today to: Mr. E. W. Des Lauriers, Manager Professional Placement [aN 
ie ah 3 at an altitude of 75,000 feet. Staff, Dept. 2609, 2400 North Hollywood Way, Burbank, Calif. : 
Die- 
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dimensional equations for the solution of the 
boundary value problems are derive 

Large Defliections of a Clamped “or 
Plate Subjected to Uniform Pressure. W. 
Nash and I. D. Cooley. ASME Trans., Ser. E 
AM, June, 1959, pp. 291-293. Study of the de- 
flection problem by the method of successive 
approximations based on the smallness of central 
deflection. Analytical results are shown to be in 
good agreement with experimental data. 


Rings 


Collapse Loads of Rings and Flanges Under 
Uniform Twisting Moment and Radial Force. 
Burton Paul. (ASME Annual Meeting, New 
York, Nov. 30-Dec. 5, 1958, Paper 58-A-55.) 
ASME Trans., Ser. E- AM, June, 1959, pp. 
265-270. 12refs. Determination of the toroidal 
collapse on the basis of limit analysis. Inter- 
action curves for limiting values of twisting 
moment and radial force are shown to have the 
same shape as those for limiting bending and 
stretching of straight beams. For rings of small 
uniform thickness the collapse loads are found to 
agree with those predicted by thin-plate theory 
The theory is used to find the collapse load of 
thin-walled corrugated tubes under axial thrust. 

Defiection of a Thick Ring in Diametral Com- 
pression by Test and by Strength-of-Materials 
Theory. Alexander Blake. ASME Trans., Ser. 
E-AM, June, 1959, pp. 294, 295. Brief descrip- 
tion of experimental and theoretical deflection 
studies for several steel rings of uniform cross 
section, compressed by two forces along a diam- 
eter and having D/d ratios ranging from 1.3 
to 1.9. Discrepancies between theoretical esti- 
mates and tests are shown. 


Testing Methods 


L’Analyse des Contraintes par la Méthode 
des Réseaux Optiques. M. Diruy. Docaéro, 
Mar., 1959, pp. 25-42. In French. Descrip- 
tion of a method applied to the study of stresses 
in aircraft structures. The basic principles of 
the method, as well as its accuracy and range of 
applications are discussed. 


Tubes 


Creep of Thick-Walled Tubes Under Internal 
Pressure Considering Large Strains. oF 
Rimrott. (ASME Summer Conf. Appl. Mech. 
Div., Troy, June 18-20, 1959, Paper 59-APM- 
6.) AS SME Trans., Ser. E- AM, June, 1959, 
pp. 27 


Thermodynamics 


hahehch. 


Pri Teorii Reguliar- 
nogo Teplovogo Rezhima dlia Ekstrapoliatsii Tem- 
peratur pri Teplofizicheskikh Eksperimentakh. A. 
F. Begunkova. Teploenergetika, May, 1959, pp. 
75-79. In Russian. Development of a method 
applying the general theory of steady heat regime 
to the extrapolation of temperatures in ther- 
mophysical experiments. 


Experimental Verification of Theoretical Re- 
lations Between Total Gas Absorptivities and 
Total Gas Emissivities for CO. . P. Oppen- 
heim. J. Appl. Phys., June, 1959, pp. 803- 
807. llrefs. ONR- “supported research. 

A Study of the Adiabatic Exponent of the ‘‘Hy- 
drodynamical Gas’’ by Statistical Thermody- 
mamics. Syogo Matsunaga. J. Aero/Space Sci., 
Aug., 1959, pp. 527,528. Derivation of the adia- 
batic exponent y hee an imaginary two-dimen- 
sional monatomic gas, and comparison with a 
value obtained by the hydrodynamic analogy 
meth 

Nitrogen at High Temperatures. Frank Mar- 

.tinek. (ASME High-Temperature Symposium, 
Lafayette, Feb., 1959.) G-E FPLD Rep. (AF- 


OSR TN 59-264) [AD 212467], 1959. 52 pp. 
16 refs. Presentation of internal energy, en- 
thalpy, entropy, electron density, and electrical 
conductivity for a temperature range from 5,000° 
to 30,000° K. 


Combustion 


Combustion Instability—-What Are its Causes 
and Cures? K. Stehling. Space/Aeronau- 
tics, July, 1959, pp. 46,47. Study of combustion 
instability and means of reducing the problems 
for rockets, turbojets, and ram-jets. Effects of 
ignition lag, injection design, and plumbing con- 
figuration are discussed. 

Radiation from Explosion Flames of Carbon 
Monoxide. A. S. Leah and H. Watson. Comb. 
& Flame, June, 1959, pp. 169-186. Investiga- 
tion showing that chemiluminescence occurs 
almost entirely before maximum pressure is de- 
veloped. Details of the elaborate techniques 
evolved are given; the new spherical explosion 
vessel is described; and the necessary computa- 
tional procedures are indicated. 


Combustion Investigation in the Hypersonic 
Shock Tunnel Driver Section. H.T. Nagamatsu 
and E. D. Martin. J. Appl. Phys., July, 1959, 
pp. 1,018-1,021. Study of the combustion of 
stoichiometric mixtures of hydrogen and oxygen 
with a varying per cent of helium in the constant 
volume driver section of a shock tube. The pres- 
sure was measured as a function of time for a 
number of initial pressures, mixture ratios, and 
multiple sparks for ignition. 

Hydrocarbon Products from Rich Hydrocarbon 
Flames. P. H. Kydd. Comb. & Flame, June, 
1959, pp. 133-145. Investigation indicating that 
excess concentrations of hydrocarbons arise be- 
cause those fuel molecules which react first in the 
flame front are oxidized almost completely, con- 
suming all the available oxygen in the process, 
and leaving a nonequilibrium fraction of the fuel 
either unchanged or connected to other hydro- 
carbons and, in some cases, carbon. 

Optical Flame Structure Studies: Examina- 
tion of Reaction Rate Laws in Lean Ethylene—Air 
Flames. A. Levy and F. J Weinberg. Comb. & 
Flame, June, 1959, pp. 229-253. 24 refs. Ap- 
plication of temperature profiles deduced from 
the recorded refractive index distributions, to- 
gether with measured burning velocities, to calcu- 
late the profiles of volumetric heat release rate 
as a first step in the analysis of flame processes. 

A Modified Analysis for the Determination of 
the Burning Velocity of a Gas Mixture in a 
Spherical Constant Volume Combustion Vessel. 
K. H. O'Donovan and C. J. Rallis. Comb. & 
Flame, June, 1959, pp. 201-214. 

Comparative Study of Flame Propagation in 
Compounds Containing Nitrogen Oxides. S. De 
Jaegere and A. Van Tiggelen. Comb. & Flame, 
June, 1959, pp. 187-200. 24 refs. Secoutenent 
of flame propagation velocities and temperatures 
in methyl nitrite, nitromethane, and methane- 
nitrogen dioxide mixtures with oxygen. 

Studies of Perchloryl Fluoride Flames. R. M. 
Lodwig and J. L. Margrave. Comb. & Flame, 
June, 1959, pp. 147-156. 15 refs. Presentation 
of spectroscopic studies on flames of perchloryl 
fluoride mixtures with hydrogen, methane, am- 
monia, and hydrogen sulphide. The presence of 
bands attributable to ClO in some spectra is the 
only unusual result obtained. 


Relation of Droplet Consumption Rates to 
Lieeas Strand Consumption Rates. G. A. Mead. 
ARS J., June, 1959, pp. 440-442. USAF-sup- 
ood study of three possible modes of droplet 
behavior to find the requirements for consistency 
with Godsave’s equation for liquids burning or 
decomposing in spherically symmetrical, non- 
convective systems with evaporation rate as the 
controlling factor. 

Thermodynamic Charts for the Combustion 
Products of Nitric Acid and Kerosene. W. H. 


Williams. Gt. Brit., ARC R&M 2982 
1950) 1959. 8 pp. BIS, New York, $1. 

Teoriia Tsepochechno-Teplovogo 
straneniia Plameni s Dvumia Aktivnymi Tsen- 
trami i Razlichnymi Koeffitsientami ikh Diffuzii. 
L. A. Lovachev. AN SSSR Dokl., Mar. 1, 
1959, pp. 129-132. In Russian. Development 
of a method for calculating the chain-thermal 
propagation of flame with two active centers hav 
ing different diffusion coefficients. 

Teoriia. Tsepochechno-Teplovogo Raspro- 
straneniia Plameni s Dvumia Aktivnymi Tsent- 
rami. L. A. Lovachev. AN SSSR_ Dokl., 
Feb. 21, 1959, pp. 1,271-1,274. In Russian. 
Development of the theory of thermal chain 
propagation for flames with two active centers. 
Includes comparative evaluation of experimental 
and theoretical results. 

Novaia Metodika Izucheniia Adiabaticheskogo 
Vosplameneniia i ee Primenenie dlia Khloro- 
Vodorodnoi Smesi. A. A. Kuliev and A. I. Roz- 
lovskii. AN SSSR Dokl., Mar. 1, 1959, pp. 
122-125. 17 refs. In Russian. Development 
of an experimental method to study the adiabatic 
ignition, and application to the case of hydrogen- 
chlorine mixtures. 


Heat Transfer 


A Review of Heat Transfer Literature 1958. 
E. R. G. Eckert, J. P. Hartnett, and T. F. Irvine, 
Jr. Mech. Eng., July, 1959, pp. 44-55. 334 refs. 


Heat Transfer for Laminar Flow in an Annulus 
with Porous Walls. R. M. Inman. J. Aero/ 
Space Sci., Aug., 1959, pp. 532, 533. Analysis to 
determine the effects of the variation of cross 
flow velocity on the temperature distribution and 
heat transfer for flow in an annulus. 


Zur Lésung spezieller Warmeleitungsprobleme. 
Rudolf Hofmann. ZAMP, May 25, 1959, pp. 
233-244. In German. Presentation of solutions 
for the heating of cylinders, spheres, and cubes, 
when the starting and boundary conditions are 
specified. 


Summary of Laminar Heat Transfer Between 
Parallel Plates with Unsymmetrical Wall Tem- 
peratures. R. D. Cess and E. C. Shaffer. J. 
Aero/Space Sci., Aug., 1959, p. 538. 

Laminar Convection Over a Linear Heat 
Source. I. G. Sevruk. (Prikl. Mat. 1 Mekh., 
July-Aug., 1958, pp. 573-576.) PMM—Appi. 
Math. & Mech., No. 4, 1958, pp. 807-812. Trans- 
lation. Study of the problem of steady thermal 
convection of a liquid over an infinitely long 
straight horizontal heated wire or thread. 


A Further Note on the Calculation of Heat 
Transfer Through the Axisymmetrical Laminar 
Boundary Layer on a Circular Cylinder. D. E. 
Bourne, D. R. Davies, and S. Wardle. Quart. J. 
Mech. & Appl. Math., May, 1959, pp. 257-260. 
Application of the von KA4rman-Pohlhausen 
method to determine the distribution of local 
rate of heat transfer for the case of airflow in a 
circular cylinder. 


Water-Based Aircraft 


Ploskie i Osesimmetrichnye ‘nye 
Zadachi Pogruzheniia i Soudareniia Strui. E. 
Borisova, P. P. Koriavov, and N. N. Moiseev. 
Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 347- 
360. In Russian. Analysis of the general 
problem of a solid conical body immersed in an 
ideal incompressible and weightless liquid con- 
tained in a coaxial conical cavity, covering the 
plane and axisymmetrical cases. 


Hydrodynamic Characteristics of Two Low- 
Drag Supercavitating Hydrofoils. EY R. McGe- 
hee and V. E. Johnson, Jr. U.S., NASA Memo. 
5-9-59L, June, 1959. 64 pp. Presentation of 
test results for hydrofoils of aspect ratios one and 
three over a range of cavitation numbers from 
zero to six. 


Member Price: $1.50 


Member Price: $3.50 


Proceedings Available 


The National Midwestern Meeting—Weapons System Management Proceedings (November 7, 8, 1957) con- 
tains all unclassified papers presented at the meeting. 


The Proceedings of the National Specialists Meeting on Dynamics and Aeroelasticity (November 6, 7, 
1958) contains all unclassified papers presented at the meeting. 


Special Publications Dept., Institute of the Aeronautical Sciences, Inc., 2 East 64th St., New York 21,N.Y. 


Nonmember Price: $2.50 


Nonmember Price: $6.00 


120 Aero/Space Engineering + 


September 1959 


i 
| 
ae 
a 
: 
ge 
| 
| 
d 
1A 
XUM 


Boeing 707 
flies like a bullet 
—handles easily 
with Tiger Brand 

Control Cables 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors 
United States Stee! Export Company, Distributors Abroad 


(ss) Tiger Brand—America's No.1 Control Cable 


Six miles up, the Boeing 707 carries 160 passengers 
more than 600 miles an hour. She’s fast, comfort- 
able and safe because the control cables were 
designed by American Steel & Wire to meet the 
most rigid specifications. These cables have high 
strength, high resistance to bending fatigue, mini- 
mum stretch and maximum flexibility. 

Tiger Brand Control Cables are used on all 
types of aircraft, from small commercial planes to 
the heaviest bombers. There is the right control 
cable for you. 


For more information write to American Steel 
& Wire, Dept.9234, 614 Superior Avenue, N.W., 
Cleveland 13, Ohio. 


USS and Tiger Brand are registered trademarks 


* 


Why Tiger Brand Control Cables are your best buy 


1. They are made by a company that maintains the 
most complete wire rope research and manufacturing 
facilities in the country. 


2. They are designed by one of the country’s most 
capable staffs of wire rope engineers. They are serv- 
iced by thoroughly experienced field representatives 
always ready with their assistance. 


3. Every type of Tiger Brand Control Cable is designed 
for specific applications. You get the right cable 
for the job. 


4. They are made by one company, U. S. Steel, and 
every step of production, from ore to finished product, 
is carefully controlled and supervised to guarantee 
one high standard of quality. 


5. Tiger Brand Control Cables are manufactured by 
the largest single producer in the country. 
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IAS PAPERS 


59-100 


59-102 


59-104 
59-105 


National Summer Meeting, Los Angeles, June 16-19, 1959* 


1AS MEMBER PRICE—$0.50 


The Analysis of Redundant Structures by the Use of High-Speed Digital 
Computers—Walter J. Crichlow and Gernot W. Haggenmacher 


Aircraft Load and Temperature Design Criteria Through Simulation and 
Random Processes—J. E. Martin, M. L. Richards, W. W. Kitts, and W. W. 
oy 


Stability of Flat, Simply Supported, Corrugated Core Sandwich Plates Under 

ombined Longitudinal Compression and Bending, Transverse Compres- 

sion and Bending, and Shear—Leonard A. Harris and Richard R. Auel- 
mann 


Analysis of Low-Aspett-Ratio Aircraft Structures—Charles H. Samson, Jr., 
and Heinrich W. Bergmann 


The Structural Design of Maximum-Area Astronautical Vehicles—George 
A. Hoffman 


Analytical and Numerical Studies of Three-Dimensiona! Trajectories to the 
Moon—A. B. Mickelwait and R. C. Booton, Jr. 


Space Navigation and Exploration by Gravity Difference Detection—Joel J. 
Carroll and Paul A. Savet 


Satellite Recovery Techniques for Optimization of Touchdown Accuracy— 
Daniel L. Rosamond 


Terminal Guidance System tor Satellite Rendezvous—W. H. Clohessy and 
. S. Wiltshire 


Performance of Nuclear Rocket for Large-Payload, Earth-Satellite Booster 
—Eldon W. Sams 


The Central Problem of Large-Scale Power Generation in Space—Waste 
Heat Disposal—P. M. Diamond 


Piloted Entries Into the Earth’s Atmosphere—John M. Eggleston and Donald 
C. Cheatham 


Electrical Primary Flight Control Systems—F. Gene Keyt 


An Adaptive System for Control of the Dynamic Performance of Aircraft 
and Spacecraft—H. Philip Whitaker 


RADFAC—A Radiating Facility for Flight Line Testing of Airborne Elec- 
tronic Equipment—Byron Wanty 


Powerplant Heat Cycles For Space Vehicles—D. B. Mackey 
The Recombination Problem in a Jet Exhaust Nozzle—William G. Browne 


* See page 114 for Twenty-Seventh Annual Meeting Papers available. 


Order by number from: Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 


59-106 
59-107 
59-108 


59-110 
59-111 


59-113 
59-114 
59-115 
59-116 
59-117 


59-118 


59-120 
59-121 
59-122 


59-123 


NONMEMBER PRICE—$1.00 


Correlation Between the Sound Power Spectrum of a Free Jet and Its Aero- 
dynamic Characteristics—R. Lee and J. Wenzelberger 


Wind Tunnel Tests of Shrouded Propellers and Their Application—Robert 
K. Wattson, Jr., and Vernon O. Hoehne 


A Survey of the Analysis and Design Problems of Integral Propellant Tanks— 
Ivan Rattinger and Richard H. Gallagher 


The Strain Analysis of Solid Propellant Rocket Grains—M. L. Williams 


Selection of Materials for Hypersonic Leading Edge Applications— 
Frank M. Anthony and Harry A. Pearl 


High Altitude Hypervelocity Flow over Swept Blunt Glider Wings—M. 
O. Creager 


Blunt Nose and Real Fluid Effects in Hypersonic Aerodynamics—Andrew 
. Burke 


The Aerodynamics of the Supersonic Boom—Harry W. Carlson 


Design of Efficient, Self-Trimming Wing Mean Surfaces for Conventional 
a Aircraft—L. J. Kulakowski, R. T. Stancil, T. Dansby, and 
. D. Stewart 


Theoretical and Experimental Investigation of Second-Order Supersonic 
Wing-Body Interference—M. Landahl, G. Drougge, and B. Beane 


Power for the Long-Range Supersonic Airliner—R. R. Jamison 
Soviet Education in Aeronautics—Leon Trilling 
Ground Proximity: A Critical Review—G. B. Matthews and J. L. Wosser 


Design Philosophy and Test Experiences of a VTOL A\jrcraft—Bruno 
Uberti and James B. Reichert 


Lifting Systems for VTOL Vehicles—Scott Rethorst and W. W. Royce 


59-124 Synthesis and Flight Test of a Ballistic Missile-Adaptive Flight Contro] 


System—Ordway B. Gates, Jr., and Orrin C. Kaste 


59-126 Rocket-Powered Capsule for Aero-Medical Research and Space Crew In- 


FF-22 


doctrination—N. V. Petersen 


Methods of Boundary-Layer Control for Postponing and Alleviating Buffet- 
ing and Other Effects of Shock-Induced Separation—H. H. Pearcey and 
C. M. Stuart (Member Price, $1.50; Nonmember Price, $3.00) 


SPECIAL IAS PUBLICATIONS 


Member Nonmember 
Price tice 

Aeronautical Engineering Index = 1957 and $10.00 $15.00* 

1955, 1954, 1953, 1952, 1951, 1950, 1949, 1948, 1947 (each).. 3.00 5.00° 
National Specialists Meeting on Dynamics and Aeroelasticity Proceedings - 1958 ................ 3.50 6.00” 
Weapons System Management-National Midwestern Meeting Proceedings - 1957...............4. 1.50 2.50* 
National Naval Aviation Meeting Proceedings - 3.00 5.00* 
Second and Third Turbine-Powered Air Transportation Meeting Proceedings (each)..............66- 3.50 6.00* 
1959 National Telemetering Conference Report 3.00 4.50* 
1957, 1956, 1955, and 1954 National Telemetering Conference Report (each)..............00ee 2.00 2.00* 
Fifth International Aeronautical Conference 15.00 20.00* 
Second International Aeronautical Conference 5.00* 
First and Second Convertible Aircraft Congress Proceedings (each)................ cketbaneesees 3.00 5.00* 
Index to Books on Selected Technical Subjects in the IAS Library (up to 1950), undound......... . 2.00 2.00* 


*Add $1.00 for orders outside the U.S.A. 
These may be obtained by writing to: 


Special Publications Dept., IAS, 2 E. 64th St., N.Y. 21, N.Y. 
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REVIEWS OF 


. . . inthe field of aeronautical engineering and space technology 


AERODYNAMICS 


Symposium on Stall, December 1-5, 1958, New 
York; Abstracts, References, and Figures. New 
York, Hydraulics Division, American Society of 
Mechanical Engineers, 1959. 163 pp.,_ illus., 
diagrs. 

The papers of the Symposium on Stall in Fluid 
Flow cover two areas: the consideration of funda- 
mental aspects of stall prediction and control, 
and examples of actual cases wherein a rational 
approach to stall prediction and control has 
yielded gains in performance. While some of 
the papers are complete, most are presented in ab- 
stract form with accompanying bibliographical 
and graphical material intact. 

Contents: Application of Boundary Layer 
Theory in  Turbomachinery, H. Schlichting. 
Part One: Basic Surveys of the State of Knowledge 
of Boundary Flows in Adverse Pressure Gradients: 
Two-Dimensional Turbulent Boundary-Layer 
Behavior Under Adverse Pressure Gradient In- 
cluding Separation, G. . Schubauer. The 
Growth and Separation of a Turbulent Boundary 
Layer, G. T. Hewson. An _ Introduction to 
Three- Dimensional Boundary Flows, J. P. John- 
ston. Three-Dimensional Laminar Boundary 
Flows, A. G. Hansen. Problems of Separation in 
Three-Dimensional Flow, E. A. Eichelbrenner. 
Viscous Flow Along Corners, R. A. Oman. The 
Unsteady Laminar Boundary Layer, F. K. Moore. 
Unsteady Flow Induced by a Disk Rotating Be- 
tween Parallel Plates, L. Maroti, G. Deak, and 
F. Kreith. Transitory Stall, S. J. Kline. Sepa- 
ration and Cavitation, G. F. Wislicenus. Bound- 
ary-Layer Separation in Supersonic Flow, D. M. 
Kuehn. Losses of Separated Flows, W. G. Cor- 
nell. Fluid Mixing by Vortex Generators, H. D. 
Taylor. Stabilizing Devices, S. J. Kline. 

art Two: Applications: A Discussion of 
Surge in Centrifugal Impellers, J. T. Hamrick. 
Supersonic Diffuser for Radial and Mixed Flow 
Compressors, F. Dallenbach and N. Van Le. 
Design Considerations and Performance of a 
1400 ft./sec. Tip Speed Compressor Rotor, J. F. 
Klapproth. The Effect of Tip Clearance on the 
Peak Pressure Rise of Axial-Flow Fans and Com- 
pressors, L. H. Smith, Jr. Development of the 
Laminar-Flow Turbine Blade Profile, H. Kraft. 
Use of Fundamental Boundary Layer Parameters 
in Describing Turbine Loss Characteristics, W. L. 
Stewart. 


Handbook of Supersonic Aerodynamics. Sec- 
tion 7, Three-Dimensional Airfoils. Produced 
and Edited by the Aerodynamics Handbook 
Staff of the Johns Hopkins University Applied 
Physics Laboratory. (NAVORD Report 1488, 

ol. 3.) Washington, Superintendent of Docu- 
ments, 1957. 82 pp., diagrs. $1.50. 

The present section of the Handbook, which will 
eventually encompass 21 sections, presents the 
aerodynamic characteristics of a limited class of 
finite wings in a convenient form for use in design 
calculations. The treatment of finite wings is 
severely limited to uncambered wings with zero 
angle of attack for which thickness ratio and posi- 
tion of maximum thickness are held at a constant 
value. Theoretical airfoil characteristics for lift, 
pitching moment, and pressure drag are computed 
by the method of supersonic source distributions. 
They are presented in graphical form using non- 
dimensional parameters that define the aerody- 
namic and geometric properties of wings in super- 
sonic flow. 

Throughout the discussion, theoretical analyses 
are reduced to a minimum consistent with in- 
telligent use of the data, and a reference is made 
to the original sources containing the more de- 
tailed analyses. Sample calculations are in- 
cluded to demonstrate the practical use of the 
graphs in determining the aerodynamic charac- 
teristics of several wing configurations at specified 
flight conditions. A brief comparison of theory 
and experiment is included in order to provide a 
convenient basis for estimating the accuracy and 
reliability of theoretical predictions from the 
linearized theory. 


AERONAUTICS, GENERAL 


1959 Annual Forecast of Trends and Require- 
ments. Los Angeles, Aerospace Industries As- 
sociation of America, Inc., 1959. 50 pp., diagrs., 
tables. 

This is the sixth Annual Forecast prepared by 
the Aerospace Industries Association for distribu- 
tion to the Department of Defense, other Govern- 
ment agencies, and industries serving the aero- 
Space complex. The report is based on informa- 
tion supplied by the various AIA member com- 


panies and was compiled by the Research and 
Testing Committee, and by the Manufacturing 
Equipment, Tooling, and Test Committees. 

The 1959 report is divided into two parts: 
Part One presents the engineering interpretation 
of future trends and requirements; Part Two 
presents the corresponding required develop- 
ments in manufacturing technology. 


CONTROL THEORY 


Servomechanisms and Regulating System De~ 
sign, Vol. 1. Harold Chestnut and Robert W- 
Mayer. 2nd Ed. New York, John Wiley & 
Sons, Inc., 1959. 680 pp., diagrs., tables. 
$11.75. 

First appearing in 1951 and designed to train 
design and application engineers in the basic 
principles of feedback control, the present volume 
has been prepared to reflect recent advances in 
the field. Added features include: new chapters 
on the application of root-locus to the analysis 
and synthesis of control system design, and the 
use of an analog computer for the solution of 
control systems problems; feedback nomencla- 
ture and definitions that have been brought into 
accordance with current practice; a modified 
presentation of transfer function material to 
emphasize the loading effect of one element on 
another; additional supplemental ways of relat- 
ing open-loop frequency response to approximate 
closed-loop transient response; and revised ma- 
terial covering error coefficients. 

Both authors are with the General Electric 
Company. 

Control Engineering. Gordon J. Murphy. 
Princeton, N.J., D. Van Nostrand Company, 
Inc., 1959. 385 pp., diagrs., tables. $7.50. 

Both elementary and advanced topics are 
treated in detail. The subject matter is pre- 
sented at an intermediate level with problems 
and illustrations drawn from many fields, such as 
process control, fire control, inertial guidance, and 
nuclear reactor control. Some of the topics 
chosen for discussion include: time response, a 
development of Laplace transformations, char- 
acteristics of a large number of control-system 
components, design in the complex domain (the 
s-plane), the use of frequency-response tech- 
niques, a-c carrier systems, the analysis of sys- 
tems with time lag, sampled-data systems, the 
statistical analysis of linear control systems, and 
nonlinear control theory. 

Dr. Murphy is Associate Professor of Electri- 
cal Engineering and Industrial Engineering, 
Northwestern University. A more advanced 
treatment of many of these topics appears in his 
earlier book, Basic Automatic Control Theory. 


DICTIONARIES 


Russian-English Atomic Dictionary: Physics, 
Mathematics, Nuclear Science, and Technology.. 
Eugene A. Carpovich. 2nd Ed. Technical 
Dictionaries Co., P.O. Box 144, New York 31, 
N.Y., 1959. 317 pp. $12. 

The dictionary comprises over 23,000 Russian 
entries, arranged in a single alphabetical listing 
It covers primarily: nuclear science and tech- 
nology, including theory, reactors, instrumenta- 
tion, and isotopes; physics, including theoretical, 
atomic, and molecular physics, physics of solids, 
and crystallography; mathematics, including 
algebra, geometry, trigonometry, analytic and 
differential geometry, differential and integral 
calculus, differential equations, vector analysis, 
tensors, various functions, matrices, group theory, 
statistics, probability theory, and processing of 
experimental data. The dictionary covers also 
many terms from chemistry and chemical engi- 
neering: chemistry of U, Th, Be, Zr; radiation 
chemistry; isotopes separation; . nuclear appli- 
cations; metallurgy of certain metals used in 
nuclear technology; gamma-ray metallography; 
peaceful and military uses of the atom, including 
isotopic tracers in research, industrial atomic 
power, atomic propulsion, and nuclear weapons; 
biophysics and radiobiology, radiation instru- 
ments, radiology, and genetics. 

Also included are miscellaneous scientific 
terms used in computation, automatic control, 
electronics, library practice, publishing and print- 
ing, and other similar fields; Russian transliter- 
ation of Western names frequently encountered 
in atomic publications; and abbreviation of 
atomic and related terms. 

Atomterminologie (Atomic Terminology) ; Eng- 
lish-German-French-Italian, Band 1. Lore Let- 
tenmeyer. Munich, Max Hueber Verlag, 1958. 
298 pp. DM 24.80., $5.90. 


The dictionary provides a selection of 1,814 
essential scientific and technical terms employed 
in connection with atomic and nuclear physics, 
reactor engineering, radiation physics, and as- 
sociated fields. These are listed in alphabetical 
order in English and numbered consecutively, 
with their German, French, and Italian equiv- 
alents given in parallel columns with the same 
consecutive numbers. The main section is fol- 
lowed by alphabetically arranged German, 
French, and Italian indexes listing the terms with 
the numbers under which the corresponding 
terms in the other three languages will be found 
in the main section. Where a term consists of 
more than one word, it is listed in the alphabetical 
index under each of its components—e.g., ‘‘lang- 
sames Neutron’ under “langsam” and ‘‘Neu- 
tron.” 


ELECTRICITY 


Topics in Electromagnetic Theory. Dean A. 
Watkins. New York, John Wiley & Sons, Inc., 
1959. 118 pp., diagrs. $6.50. 

The volume presents logical, unified treatment 
of several topics in the field of electromagnetic 
theory and microwave electron tubes, including 
periodic transmissions systems, propagation on a 
wire helix, coupling of modes of propagation, and 
anisotropic media and the waves that propagate 
therein. 

Dr. Watkins, Professor of Electrical Engi- 
neering, Stanford University, has developed the 
book from a set of lecture notes organized for a 
graduate course in electrical engineering. 


The Physics of Electricity and Magnetism. 
William Taussig Scott. New York, John Wiley 
& Sons, Inc. 635 pp., diagrs., tables. $8.75. 

This book provides a thorough explanation of 
the basic theory of electricity and magnetism, 
treated in a rigorous manner from the viewpoint 
of a physicist. A modern atomic approach is 
used to describe phenomena such as metallic 
conduction and the production of chemical and 
thermal emfs. The analysis of magnetic fields 
starts with the Lorentz force law, and Maxwell’s 
equations are introduced as an integral part of 
the text, with a chapter at the end on their ap- 
plications. The fully descriptive yet mathe- 
matical treatment that is provided (using vector 
notation and intermediate calculus) serves as a 
transition to more advanced work in physics. 

Dr. Scott, Professor of Physics, Smith College, 
has compiled the material as a text suitable for 
seniors and first-year graduates. 


MATERIALS 


High Temperature Materials; Conference 
Held in Cleveland, Ohio, April 16-17, 1957. 
Edited by . F. Hehemann and G. Mervin 
Ault. Sponsored by High Temperature Alloys 
Committee, Institute of Metals Division, The 
Metallurgical Society, American Institute of 
Mining, Metallurgical, and Petroleum Engineers. 
New York, John Wiley & Sons, Inc., 1959. 
544 pp., illus., diagrs., tables. $17.50. __ 

Contents: Part I, Cobalt- and Nickel- Base 
Alloys. (1) Status and Future of Nickel-Base 
Alloys, F. L. Ver Snyder. (2) Investigation of 
High-Temperature Properties of Nickel-Base 
Alloys Using Balanced-Experiment Designs, 
T. L. Robertshaw. (3) Evaluation of a Cast 
Nickel-Base Alloy for Use as a Bucket Material 
at 1,650°F, R. A. Signorelli, J. R. Johnston, and 
J. W. Weeton. (4) W545—A New Higher 
Temperature Turbine Disk Alloy, J. T. Brown 
and J. Bulina. (5) History, Status, and Future 
of Cobalt Alloys, G. A. Fritzlen. _(6) ML—1700 
Cast Turbine Bucket Alloy, R. J. Morris. (7) 
Temperature Dependence of the Hardness of 
Secondary Phases Common in Turbine Bucket 
Alloys, J. H. Westbrook. 

Part 11, Cermets and  Intermetallics. (8) 
Cermets and Bonded Hard Metals, J. T. Norton. 
(9) Recent Developments in Sintered Titanium 
Carbide Compositions, J. Wambold and J. C. 
Redmond. (10) Recent Advances in Infiltrated 
Titanium Carbides, H. W. Lavendel and C. G. 
Goetzel. (11) Wettability and Microstructure 
Studies in Liquid-Phase Sintering, N. M. Parikh 
and M. Humenik, Jr. (12) Modes of Fracture 
and Slip in Cemented Carbides, N. M. Parikh. 
(13) Materials Based on Intermetallic Com- 
pounds, R. Steinitz. (14) The Use of Cermets as 
Gas-Turbine Blading, G. C. Deutsch. : 

Part III, Refractory Metals. (15) Chromium- 
Base Alloys for High-Temperature Applications, 
R. W. Fountain and M. Korchynsky. (16) 


September 1959 + Aero/Space Engineering 123 


Oy 
> 
2 
& 
eat 
rt 
A. 
w 
= 
rol 
In- 
tet- 
and 
WEE 
a 
XUM 


WILEY BOOKS IN SPACE TECHNOLOGY 


is the symbol of a continuing Wiley 
program which deals in detail with the 
many problems of outer space 


THIS 


is the book that 
forms the keystone 
of the series 


SPACE 
TECHNOLOGY 


Edited by HOWARD S. SEIFERT, Space 
Technology Laboratories, Inc. With 38 
contributors 


For the first time in one collection, all phases of 
space technology receive serious analytical at- 
tention. In general, Soace Technology covers 
in a quantitative way the natural laws uniquely 
related to space flight. The material is grouped 
into five major areas: 


* ballistics and flight dynamics 

* propulsion 

* communications and guidance 

* man in space 

* scientific use of space 

To add further depth, the same subject is often 
covered from different angles by different authors. 
The 500 references form a valuable guide to im- 
portant parts of a vast literature. 


1959 1172 pages $22.50 


JOHN WILEY & SONS, Inc. 


440-4th Avenue, New York, 16, N.Y. 


Send....copies of Space yop ob ten 
days’ approval. Within 10 d. ae 

I'll remit full price plus ~~ 

postpa 


, yr 


ete here to save postage. Send full 


Transition Temperatures of Chromium and 
Chromium-Base Alloys, E. P. Abrahamson, II, 
and N. J. Grant. (17) Molybdenum, Its Alloys 
and Its Protection, J. J. Harwood and M. Sem- 
chyshen. (18) Properties of Molybdenum-Alloy 
Turbine Buckets, R. G. Franck. (19) Processing 
and Properties of Selected Experimental Molyb- 
denum-Base Alloys, T. K. Redden. (20) 
Refractory Metals: Tantalum, Colum- 
bium, and Rhenium, J. W. 

Part IV, Strengthening ey Dispersion of In- 
soluble Particles. 21) Observation of SAP 
(Sintered Aluminum Powder) and Present The- 
ories for Its Remarkable High-Temperature 
Strength, F. V. Lenel. (22) The Development 
of SAP-Type Structures in Titanium for Ele- 
vated Temperature Service by Power Metallurgi- 
cal Techniques, R. W. Jech, A. D. Schwope, and 
E. P. Weber. 

Part V, Vacuum Melting and Its Effect on 
Properties. (23) Effects of Vacuum Melting 
on Gas Content and Metal Structure of Cast 
Nickel-Base Alloys, C. M. Hammond and R. A. 
Flinn. (24) Evaluation of Vacuum-Melted 
Vacuum-Investment-Cast Nickel-Base Alloys, 
P. W. Beamer and J. J. Eisenhauer. (25) 
Consumable-Electrode Vacuum Remelting of 
High-Temperature Alloys, R. K. Pitler, E. E. 
Reynolds, and W. W. Dyrkacz. (26) Relations 
of High-Temperature Properties of a Nickel- 
Base Precipitation-Hardening Alloy to Contami- 
nation by Crucibles, R. F. Decker, J. P. Rowe, 
and J. W. Freeman. (27) The Effect of Vacuum 
Melting on the High-Temperature Properties of 
Nickel-Base Superalloys, F. M. Richmond. 

Part VI, Effect of Testing Environment on 
Properties. (28) The Effect of Environment on 
High-Temperature Creep Properties of Metals 
and Alloys, D. A. Douglas. (29) A Comparison 
of the Creep-Rupture Properties of Nickel in 
Air and in Vacuum, P. Shahinian and M. R. 
Achter. (30) Effect of Environments of Sodium 
Hydroxide, Air, and Argon on the Stress-Rupture 
Properties of Nickel at 1,500°F., H. T. McHenry 
and H. B. Probst. (31) The Effect of Testing 
Atmosphere on the Creep-Rupture Properties of 
Molybdenum-Base Alloys at 1,800°F., D. D. 
Lawthers and M. J. Manjoine. 

Part VII, Oxidation Resistance. (32) Oxi- 
dation Resistance of Binary Chromium-Base 
Alloys, E. P. Abrahamson II and N. J. Grant. 
(33) The Oxidation of Tungsten and Molyb- 
denum from 1,800 to 2,500°F., J. W. Semmel, 
Jr. (34) High-Temperature Oxidation of Gas- 
Turtine Alloys, J. F. Radavich. 


Molecular Science and Molecular Engineering. 
Arthur R. von Hippel. New York, John Wiley 
& Sons, Inc., 1959. 446 pp., illus., diagrs. 
$18.50 

Contents: (1) Macroscopic Laws and Molecu- 
lar Interpretations, A. von Hippel. (2) For- 
mation and Structure of Atoms and Molecules, 
A. von Hippel. (3) Conduction and Breakdown 
of Gases, A. von Hippel. (4) Thunderstorms 
and the Electrical State of the Atmosphere, J. P. 
Kuettner. (5) Microwave Breakdown, S. C. 
Brown. (6) Gas Discharges as Technical Devices, 
E. O. Johnson. (7) Explosions in Gaseous Sys- 
tems, B. Lewis. (8) Gases, Liquids, and Solids, 
O. K. Mawardi and A. von Hippel. (9) Build- 
ing Laws for Condensed Phases, A. von Hippel. 
(10) Reaction Mechanisms in Liquid Systems, C. 
G. Swain. (11) Molecular Synthesis of Polymers, 
W.H. Stockmayer. (12) Growth and Perfection 
of Single Crystals, A. Smakula. (13) Irradia- 
tion Effects in Materials, R. Smoluchowski. (14) 
The Plasticity of Crystalline Materials, E. Oro- 
wan. (15) Dipoles and Coupled Dipole Systems; 
Ferroelectrics and Ferromagnetics, A. von 
Hippel. (16) Ferro- and Antiferroelectric Ma- 
terials, P. W. Forsbergh, Jr. (17) Piezo- and 
Ferroelectric Devices, W. P. Mason. (18) 
Ferromagnetic Materials and Molecular Engi- 
neering, D. J. Epstein. (19) Ferromagnetic 
Devices, R. A. Ramey, Jr., and B. W. Lovell. 
(20) Parametric Amplifiers, Masers, and Film 
Memories: Molecular Generators and Ampli- 
fiers, J. W. Mayer; Magnetic Films for Computer 
Memories, D. O. Smith. (21) Mobilization of 
Charge Carriers in Liquids and Solids, A. von 
Hippel. (22) Polyelectrolytes, R. M. Fuoss. 
(23) lon-Exchange Resins, C. D. Coryell. (24) 
Rectifiers and Transistors, R. B. Adler. (25) 
Molecular Engineering and the Air Vehicles of 
the Future, K. Martinez. Table of Symbols. 
Index. 


The Solid State for Engineers. Maurice J. 
Sinnott. New York, John Wiley & Sons, Inc., 
1959. 522 pp., illus., diagrs., tables. $12.50. 

This book will acquaint engineers and students 
with the basic principles which underlie the be- 
havior of solid materials. It aims to bridge the 
gap between the handbook type of material con- 
cerned with the manufacture or use of materials, 
and the solid state physics text books concerned 
with the deduction of general laws of behavior. 

Starting with a discussion of the structure of 
atoms and matter, the text progresses to the de- 
scription of the nature of the structures of con- 
densed atoms systems. Two chapters are then 
devoted to the thermodynamic stability of solid 
structures and the rates at which changes 
occur between various states. Succeeding chap- 
ters discuss elastic and plastic deformation, and 
the main groups of solids: metallic, ionic, co- 


a With order and we pay omer Same valent, molecular, and _ polycrystalline. The 
ated Seivlege. ASE-99 concluding chapters deal with zone theory con- 
ba cepts; conduction and semiconduction processes; 
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work in’ the f 


RESEARCH AND 
DEVELOPMENT 
ENGINEERS AND 
SCIENTISTS 


Exceptional opportunities in 
the field of thermodynamics. 
At least five years experi- 
ence or training required. 
Must have knowledge and 
understanding of theoretical. 
experimental work and abil- 
ity to direct activities of engi- 
neers in the following areas 


Aerodynamics Heating 
of Aircraft Structures 
Gas Dynamics of Real 
Gases 
Thermodynamics— 
Engineering, Chemical, 
Statistical 

Heat Transfer 

Gaseous Radiation 


Hypersonic and Space 
Vehicle Design 


For more information please 
write to: Mr. H. J. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


THE LOS ANGELES DIVISION OF N 


NORTH A 
AMERICAN 
AVIATION, INC. 
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... USAF ordnance technicians assigned to 
service the Douglas Genie air-to-air nuclear- 
armed missile. They have undergone extensive 
training in Air Force technical schools and 

from Douglas field service engineers to become 
proficient in both rocketry and nuclear ordnance. 


? ... high-level interception of enemy aircraft. Ideal 

The mi1ss1on: interception would take place far from U.S. boundaries. The 
atomic warhead of the Douglas Genie was detonated under 

test conditions over friendly troops with no resultant danger. 


Air Force interceptor fires a “‘live’ 


. .. the Douglas-built Genie. This nuclear missile 
has actually been fired in flight. Retractable fins allow the 


The missile: missile to nest close to the plane’s fuselage. Or it can be carried 


in the bomb bay. Interceptors can be armed with two Genies. 


AS 


The Nation’s Partner in Defense 


Depend on D O U 
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U.S. AIR FORCE AIR-TO-AIR MISSILE 


Genie atomic missile 
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and magnetic, dielectric, and optical properties 
of solids, 

The author is Professor of Chemical and Metal- 
lurgical Engineering, University of Michigan. 

The Structure of Metals, A Modern Concep- 
tion; Lectures Delivered at the Institution of 
Metallurgists Refresher Course, 1958. London, 
lliffe & Sons, Ltd.; New York, Interscience 
Publishers, Inc., 1959. 118 pp., illus., diagrs. 
4.00. 


Contents: (1) The Electron Structure of 
Metals, G. V. Raynor. (2) Experimental As- 
pects of the Electron Theory of Metals, J. A 
Catterall. (3) Dislocations in Metals, A. G. 
Quarrell. (4) Seeing Dislocations, J. Nutting. 
Index. 


MILITARY AVIATION 


The Soviet Air and Rocket Forces. Edited 
by Asher Lee. New York, Frederick A. Praeger, 
1959. 311 pp., illus. $7.50. 

Contents: (1) The Civil War to the Second 
World War, G. Schatunowski. (2) From Barba- 
rossa to Stalingrad, W. Schwabedissen. (3) 
From Stalingrad to Berlin, P. Williams. (4) 
Soviet Air Strategy in the Second World War, 
H. Baldwin. (5) Post-War Strategy, K. Whiting. 
(6) Long Range Air Attack, P. Joubert. (7) 
Strategic Air Defence, A. Lee. (8) The Develop- 
ment of Jet Fighters and Fighter Bombers, W. 
Green. (9) Soviet Missiles, A. Lee and R. E. 
Stockwell. (10) Soviet Airborne Troops, J. M. 
Mackintosh. (11) Soviet Air Power: Organi- 
zation and Staff Work, R. L. Garthoff. (12) 
The Training of Personnel, G. Schatunowski. 
(13) Politics in the Soviet Air Force, B. Kuban. 
(14) Daily Life in the Soviet Air Force, B. Kuban. 
(15) The German Legacy, R. E. Stockwell. (16) 
Soviet Aircraft Production, R. E. Stockwell. 
(17) Soviet Civil Aviation, K. Whiting. (18) 
The Air Allies of the USSR, A. Lee. (19) The 
Future of Soviet Air Power, A. Lee. Biographi- 
cal Notes of Contributors. Index. 


PHYSICS 


_ Introduction to Mathematical Physics. Wil- 
liam Band. Princeton, N. J., D. Van Nostrand 
Company, Inc., 1959. 326 pp., diagrs. $7.25. 
This text, by a Professor of Physics at Washing- 
ton State University, is designed for use in 
courses on theoretical physics for college senior 
and graduate students. Its purpose is to intro- 
duce to the student the most powert mathemat- 
ical tools available today, and to survey theoreti- 
cal physics from a modern unified point of view. 
Some of the special topics discussed include: 
the methods and concepts of linear algebra and 
function space; the theory of shock waves; 
random motion; multipole fields; Green’s method 
for inhomogeneous differential equations (source 
functions); the basic concepts of Einstein's 


theory of gravitation; and relativistic quantum 
mechanics 


RESEARCH 


Second Annual Report, Air Force Office of 
Scientific Research, 1957. (AFOSR TR 58-71, 
AD 158300.) Washington, Air Force Office of 
Scientific Research, Air Research and Develop- 
ment Command, U. S. Air Force, July, 1958. 
222 pp 

This report covers the accomplishments of the 
exploratory research program supported by the 
AFOSR (ARDC) during 1957. It is in three 
parts (1)—The Commander's Summary, re- 
viewing the year’s highlights; (2)—Text, giving 
detailed results of the research contracts moni 
tored by the Directorates: Advanced Studies, 
Aeronautical Sciences, Bio Sciences, Material 
Sciences, Physical Sciences, Research Communi- 
cation, and their Technical Divisions: Aeromedi- 
cine, Behavioral Sciences, Chemistry, Combustion 
Dynamics, Mathematics, Mechanics, Nuclear 
Physics, Physics, and Solid State Sciences; and 
(3)—an appendix listing AFOSR consultants and 
research contracts, indexed by contractor and 
investigator. 


RUSSIAN LANGUAGE 


Russian for the Scientist. John Turkevich 
and Ludmilla B. Turkevich. Princeton, N.J., 
D. Van Nostrand Company, Inc., 1959. 255 pp. 
$5.95 

This text is designed for the English-speaking 
scientist, and its aim is to furnish this scientist 
with the means for extracting the particular 
information he seeks from Russian scientific 
literature. The material is presented in such a 
way as to develop a knack for recognition as 
well as familiarity with the basic points of gram- 
mar. While most essentials are included, the 
stress is almost entirely on scientific usage. 

A practical feature of the book is the use of a 
scientific vocabulary in the Russian-English 
and English-Russian exercises from the very 
beginning, rather than the general vocabulary 
usually employed in exercises of this type. The 
readings begin with simplified chemistry texts 
and progress to unedited selections drawn from 
Soviet encyclopedias and textbooks in aeronauti- 
cal engineering, biology, physics, and chemistry. 

Dr. John Turkevich is Eugene Higgins Pro- 
fessor of Chemistry, Princeton University. Mrs 
Turkevich is Lecturer in Russian at the same 
institution. 


SAFETY 


Survey of Research Projects in the Field of 
Aviation Safety; 1959 Annual Supplement. 
New York, The Daniel & Florence Guggenheim 
Aviation Safety Center at Cornell University, 
1959. 85 pp. 


The directory lists information on more than 
600 research projects conducted in various fields 
affecting aviation safety. Over 130 new research 
projects are reported in this year’s survey, which 
includes programs in progress in the U.S, 
Canada, Great Britain, France, and the Nether- 
lands. Encompassing both military and civil 
aviation, the information given for each entry 
includes the title of the project, a description of 
the work being done, the sponsor and location, 
and a serial number for identification purposes. 
Further information on any project can generally 
be obtained directly from the responsible sponsor 
or laboratory. 


SPACE TRAVEL 


Man in Space; The United States Air Force 
Program for Developing the Spacecraft Crew. 
Edited by Kenneth F. Gantz. New York, 
Duell, Sloan and Pearce, 1959. 303 pp., illus., 
diagrs. $4.00. 

With one exception, the chapters in this book, 
which is intended to give a professional review 
of the current investigations of the U.S. Air 
Force into manned space flight, were originally 
composed for publication in the Atr University 
Quarterly Review. The fourth chapter, by 
Brigadier General Don Flickinger, was edited 
from his lecture in Denmark, October 23, 1958, 
before the NATO Advisory Group for Aeronauti- 
cal Research and Development (AGARD). 

Contents: The Inevitable Climb to Space, 
T. D. White. The Threshold of Space, D. C. 
Ogle. From Aviation Medicine to Space Medi- 
cine, H. Strughold. Basic Factors in Manned 
Space Operations, H. Strughold. Biomedical 
Aspects of Space Flight, D. Flickinger. Biody- 
namics of Space Flight, J. P. Stapp. The Engi- 
neered Environment of the Space Vehicle, H. G. 
Clamann. Human Performance in Space, G. T 
Hauty. Weightlessness, S. . Gerathewohl. 
Observations in High-Altitude, Sealed-Cabin 
Balloon Flight, D. G. Simons. Human Require- 
ments for Space Flight, S. B. Sells and C. A. 
Berry. Experimental Studies on the Condition- 
ing of Man for Space Crews, B. Balke. Escape 
and Survival During Space Operations, P. A. 
Campbell. Time Dilation and the Astronaut, 
E. R. Goltra. The Spiral Toward Space, By the 
Editors of Air University Quarterly Review. 
Human-Factors Support of the X-15 Program, 
B. Rowen. The U.S. Air Force Human-Factors 
Program, D. Flickinger. Blueprints for Space, 
H. A. Boushey. The Military Impact of Manned 
Space Operations, L. P. Hopwood. Reference 
Notes. 

Appendices: (1) A Glossary of Terms Related 
to the Human Factor in Space Operations, R. W. 
Bancroft and H. G. Clamann. (2) A Reading 
List of Books on Astronautics, R. Estep. (3) 
The Contributors: Biographical Notes. (4) 
Project Mercury and the National Space Pro- 
‘gram, K. F. Grantz. Index. 


Sherman M. Fairchild Publication Fund Papers (Order by number from IAS) 


The Penetration of a Fluid Surface by a 
Wedge—Experimental 
Tank, Stevens Inst. of Tech. $1.20 $1.60 


(Papers and Discussions presented 


No. Member Nonmem. No. 
FF-23. =A Matrix Approach to Flutter Anal- FF-3 
ysis—William P. Rodden $0.75 $1.50 
FF-22 Methods of Boundary-Leyer Control 
for Postponing and Alleviating Buf- 286 
feting and Other Effects of Shock- 
Induced Separation—H. H. Pearcey 
and C. M. Stuart. 1.50 3.00 
FF-21 = Rocket Propulsion Systems for Inter- 
planetary Flight—George P. Sut- 229 
ton, 1959 Minta Martin Lecture. 1.00 2.00 
FF-20 Supersonic Transports Proceedings 


Linearized Treatment of Supersonic 
hrough Axi-Symmetric Ducts 
with Prescribed Wall Contours— 
Charles E. Mack, Jr., and Ignace I. 


Wave Profile of a Vee-Planing Sur- 

face, Including Test Data on a 30° 
Surface—Experimental 
Towing Tank, Stevens Inst. of Tech. 1.20 1.60 


Member Nonmem. 


Towing 


0.75 4125 


at IAS 27th Annual Mtg. Session). 1.00 2.00 170 Wave Contours in the Webs he) o° 
ion—. i i- eadrise ening urface—txp. 
Mints Towing Tank, Stevens Inst. of Tech. 1.20 1.60 
Martin Lecture. 0.75 1.25 169 tee Past 
i mmerse' edge—txperimenta 
Towing Tank, Stevens Inst. of Tech. 0.75 1.00 
and John P. Breslin. 0.75 1.25 168 in the 
i ium). 1.75 eadrise aning Surfece—Exp. 
RB. Towing Tank, Stevens Inst. Tech. 1.20 1.60 
Woodbury, and J. Hovorka. 0.75 1.25 167 On the Pressure Distribution for 4 
FF-14 Engineering Management Philoso- Wedge Penetrating a Fluid Surface 
phies (e Symposium). 0.50 1.00 —tExperimente!l Towing Tank, 
FF-12 = Transonic Testing Techniques (a Sym- Stevens Inst. of Tech. 0.75 1.00 
posium). 1.85 2.50 126 External Sound Levels of Aircraft—R. 
FF-11 Wetted Area and Center of Pressure L. Field, T. M. Edwards, Pell Kan- 
of Planing Surfaces at Very Low ges, and G. L. Pigman. 0.75 1.00 
Speed Coefficients—Experimenta! 106 Measurement of Ambient Air Tem- 
Towing Tank, Stevens Inst. of Tech. 1.20 1.60 perature in Flight—W. Levern 
and Skan Boundary-Layer Equation 104 Tensor Analysis of Aircraft Structural 
—A. M. mith. 0.75 1.25 Vibration—Charles E. Mack, Jr. 1.85 2.50 
FF-9 A Hydrodynamic Study of the Chines- 
Planing Body—Experimental 102 Electrical Resistance Strain Gages Ap- 
Towing Took, Stevens Inst. of Tech. 1.20 1.60 wn e —— Balances— 0.60 0.80 
FF-7 Natural Flight and Related Aeronau- 
tics—James L. G. Fitz Patrick. 265 3.50 101 Introduction to Shock Wave Theory— 
FF-4 Finite Deflections of Curved Sandwich 2.65 3.50 
Plates and Sandwich Cylinders— 100 Blade Pitching Moments of a Two- 
F.K. Teichmann and Chi-Teh Wang. 0.50 0.85 Bladed Rotor—R. W. Allen. 0.75 1.00 
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Now Available — Eleventh Edition 


The 1957 Edition 
of the 
AERONAUTICAL 
ENGINEERING INDEX 


8,600 entries for reports, periodical articles, 
meeting papers, books, and technical publica- 
tions. 


® Includes full text of abstracts published in Inter- 
national Aeronautical Abstracts 


® Convenient Subject and Author Indexes 
® Worldwide Coverage 


AN INDISPENSABLE REFERENCE TOOL for the 


aerospace scientist and engineer in speedily locating literature 
on specific subjects relating to the design, development, and 
operation of aircraft, missiles, rockets, satellites, and space- 
craft, 


Member Price: $10. Nonmember Price: $15.* 
(*Add $1.00 for orders outside the U.S.A.) 


Copies may te obtained by writing to: 
Special Publications Department 


Institute of the 


Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, N.Y. 


SEMOR 
RESEARCH ENGINEERS 


Challenging and rewarding positions are available 
in a wide range of assignments on basic and ap- 
plied programs, related to aircraft, missiles, space 
vehicles, ships, pressure vessels, drilling systems, 
weapons effects, etc. 


We are expanding our programs and are looking 
for scientists and engineers with creative know- 
how and imagination. You will have the oppor- 
tunity to work on a variety of problems in 
theoretical and applied mechanics and mathe- 
matics. Candidates should have an MS. or 
Ph.D. degree with research experience desirable. 
Picturesque San Antonio enjoys a year round 
healthful climate. You will like the casual out- 
door living of the Alamo City. 


Please send complete resume and salary require- 
ments to: 


R. C. Mays, Personnel Director 
Southwest Research Institute 
8500 Culebra Road 
San Antonio 6, Texas 


When you write to manufacturers 


whose advertising appears in 


Aero/Space Engineering, 


it will be 
of interest to the companies 
and of benefit to the Institute if you 


mention that you saw it in 


Aero/Space Engineering 


THE MAGNETODYNAMICS 
OF CONDUCTING FLUIDS 


DANIEL BERSHADER, editor. This is the third volume to 
grow out of a Lockheed-sponsored symposium on magnetohydro- 
dynamics, with papers by Adolf Busemann, George Carrier, Julian 
Cole, Harold Grad, Morton Mitchner, Harry Petschek, Edwin 
Resler, Jr., and others. $4.50 


PARIS SYMPOSIUM 
ON RADIO ASTRONOMY 


RONALD N. BRACEWELL, editor. Records the research 
papers presented at the Symposium, reports the discussions held, 
and gives a dozen detailed summaries of the background and 
current state of major fields of radio astronomy. I.A.U. Sym- 
posium No. 9, URS. Symposium No. 1. 

Heavily illustrated. $15.00 


STANFORD UNIVERSITY PRESS Stanford, California 
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PERSONNEL OPPORTUNITIES 


ADVANCED 
PRELIMINARY 
DESIGN 
ENGINEERS 


The creation of the new Preliminary Design 
Department of our Solid Rocket Plant has 
led to several unusual and challenging posi- 
tions for experienced engineers and scien- 
tists. 


We are expanding: 


into new fields of rocket propulsion and 
space technology, far beyond “classical” 
solid propellant rocketry. For this we are 
an internationally acknowledged leader. 


We are looking for: 


mature, experienced and highly versatile 
engineers, preferably over 30 years old. 
These men will be mechanical, aeronautical, 
or missile engineers. They may also be 

gi ing-minded physicists or chemists. 
An M.S. degree is essential, a Ph.D welcome. 
A high degree of proficiency in such fields 
as thermodynamics, aerodynamics, heat 
transfer, stresses, and physics is required, as 
well as a practical understanding of manu- 
facturing fundamentals. Each of the men 
we are seeking must be capable of integrat- 
ing the essentials of a new design, based 
on the more quantitative work of our several 
analytical groups. 


Eight positions as “Technical Specialist" 
in our Preliminary Design Department are 
available. Each successful candidate will 
work on this team as an equal among equals. 
These top engineers will be given enough 
responsibility and freedom to work as they 
see fit. Excellent salaries are offered, 
commensurate with demonstrated ability 
and experience. The Sacramento, Cali- 
fornia, area offers a favorable, healthy 
climate and living conditions which are among 
the finest in the country, one and a half 
hours driving time from either the Sierra 
Nevada Mountains or San Francisco. 


Please send your resume and direct any 
detailed questions to: 


Emil L. Eckstein 


Head, Department for Preliminary 
Design Through: 


Mr. E. P. James, Supervisor 
Technical and Scientific Placement 
AEROJET-GENERAL CORPORATION 
Box 1947B 


Sacramento, California 


AEROJET-GENERAL 
CORPORATION 


a subsidiary of 


the General Tire & Rubber Company 
Azusa & near Sacramento, California 
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SUPERVISORY 


Aerodynamicists 


Preferably with advanced 
degrees and minimum of 
6 years’ experience in one 
or more of the following: 


e Aerodynamic Analysis 


(Applied Research in Aerodynamics) 


e Stability, Vehicle Dynamics, 
and Trajectory Mechanics 


e Preliminary Design 


e Theoretical Research 
in Aerodynamics 


e Experimental Research 
in Aerodynamics 


. » . to work in these specialties on 
problems related to flight at extremely 
high speeds and altitudes, including 
Hypersonic, Aerodynamics, Configuration 
Optimization of lifting and non-lifting 
vehicles, Trajectory or Orbit Optimization 
{including guidance and control 
considerations), Aerodynamic Heating, 
Rarefied Gas Dynamics, lonized Gas 
Mechanics, Magneto hydrodynamics, 
Viscous Flows, Internal Flows, 

Ablation and Transpiration Phenomena. 


The Division's new suburban location 
provides an unusually attractive working 
environment outside of metropolitan 
Boston and Cambridge. The extensive 
fully equipped modern laboratories are 
in pleasant surroundings and close to 
Boston educational institutions and 
cultural events. 


Publications and professional development 
are encouraged and the Division offers 

a liberal educational assistance program 
for advanced study. Excellent opportunity 
to work with creative and skilled 

scientists in a stimulating atmosphere. 


Write to: Mr. Richard Rubino 

Scientific and Technical Relations—Dept. AS9 
Your reply will be accorded absolute 
confidence and you will receive 

prompt answer. 


201 Lowell St., Wilmington, Mass. 


September 1959 


careers 
in control 
of space 


PRODUCTION: Develop and establish as- 
sembly processes for a wide range of 
products. Requires background in com- 
plex devices such as gyros, acceler- 
ometers, flight systems, and a thorough 
knowledge of production processes. 


EVALUATION: Test engineer interested in 
career in development, qualification, 
reliability testing. Must be graduate 
engineer with electronic background. 


ADVANCED GYRO DESIGN: Engineers with 
two and up to twenty years’ experience 
in such areas as precision gyro mech- 
anics, servo techniques, digital data 
handling, electronics packaging, ad- 
vanced instrumentation and magnetic 
components design. 


FLIGHT CONTROL SYSTEMS: Analytical, sys- 
tems, component engineers to design 
and develop advanced flight reference 
and guidance systems. Prefer airborne 
systems or servo experience. 


FIELD SERVICE: Monitor airborne system 
performance in U.S. and overseas. Con- 
duct training, liaison with military 
BSEE preferred, or graduate engineer 
with high electronic aptitude. 


GROUND SUPPORT: Senior engineers with 
logical design experience and engineers 
with experience in ground support or 
related areas. Outstanding growth op- 
portunity in new division. 


If you’re interested in a challenging career in 
advanced automatic controls, write Mr. Bruce 
D. Wood, Technical Director, Dept. 848A. 


1433 Stinson Blvd., N.E., Minneapolis 13, Minn. 


Fine opportunities also exist in other Honey- 
well development and manufacturing facilities 
in the Boston Area, the Philadelphia Area, the 
Los Angeles Area, Minneapolis, Seattle, St. 
Petersburg, Chicago and Freeport, Illinois, 
Denver, and the Washington, D.C. Area. Send 
resumé to H. D. Eckstrom, Director of Employ- 
ment, Minneapolis Honeywell, Dept. 848A, 
Minneapolis 8, Minnesota, 


= 
Zz 
— 
thro 
rang 
| = mat 
| = will 
= 
| 
| = 
= 
= 
| = 
| 
| 
= 
= 
= 
: 
: 
: 
: 
z 
E 
= 
AERONAUTICAL DIVISION 
Research & Advanced Development 


Personnel 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Faculty Openings—Department head and one 
staff member in Aeronautical Engineering and 
two staff members in Applied Mathematics— 
Mechanics, all with doctorates, for undergraduate, 
graduate, and research programs. Apply to 
Dean, College of Engineering, University of 
Cincinnati, Cincinnati 21, Ohio. 

Aerodynamicists—The Computation and Anal- 
ysis Laboratory of the Naval Proving Ground has 
openings in applied research for aerodynamicists 
having strong backgrounds in both theoretical and 
experimental missile aerodynamics, preferably 
throughout the subsonic to hypersonic speed 
ranges. A working knowledge of advanced 
mathematics is highly desirable. Appointees 
will work in an established and growing labo- 


ratory which is involved in determining the dy- 
namic performance of missiles and space vehicles 
utilizing one of the world’s fastest and most 
accurate digital computers, the Naval Ordance 
Research Calculator (NORC). Positions with 
starting salaries up to $11,595, depending upon 
the qualifications of applicants, are available. 
Inquiries should be addressed to Industrial Re- 
lations Director, Naval Proving Ground, Dahl- 
gren, Va. 


Operations Research Analysts—The USAF 
and other Department of Defense agencies need 
Operations Research Analysts for positions in 
Washington, D.C., and throughout the U.S. 
A few positions may also be filled at overseas 
locations. The salaries range from $7,510 to 
$12,770 ayear. To qualify, applicants must have 
had at least 7 years of appropriate experience or 


a Ph.D. degree in one of the specialized fields to 
which appointments are to be made, or a com- 
bination of such experience and education. Full 
information regarding the requirements for these 
positions is contained in civil service examination 
Announcement No. 193B. This announcement 
and application forms may be obtained at many 
post offices throughout the country, or from the 
U.S. Civil Service Commission, Washington, D.C. 
Applications will be accepted by the Board of 
U.S. Civil Service Examiners, Headquarters 
USAF, Washington 25, D.C., until further notice. 

Professor— Major permanent faculty positions a 
available in fields of aerodynamics, structures, a 
thermodynamics, and engineering mechanics. 
Desire men who either are, or who will be, out- 
standing teachers in both graduate and under- 
graduate courses. Ph.D. degree or equivalent 
required, plus active interest in research. and 
curriculum development. Salary range $10,000 
plus, depending on qualifications. Please send : 
complete details to Dean of Engineering, Uni- = 
versity of Detroit, Detroit 21, Mich. 

Engineers and Scientists—Openings in present 
program for six senior engineers and scientists, 
reporting directly to the Technical Director, 
to conduct fundamental research investigations 
in (1) dynamic handing qualities of vehicles, 
including analysis and application of human re- 
sponse measurements and definition of human 
input-output relationships, using advanced servo- 
analysis techniques; requires exceptional interest 
and experience in the application of airframe 
dynamics and advanced servo theory to auto- 
matic flight control systems; and (2) the study of 
dynamic requirements and methods of space 
vehicle flight control. Requires minimum of 6 
years’ experience in application of systems anal- 


OPPORTUNITIES 


IN ELECTRONICS 


The Grumman WF2 Early Warning airplane is only one 
of the products which is a prime concern of our 
Electronics Engineers. Other Grumman programs 
involving large scale applications of electronics are 
Attack, Reconnaissance and Anti-Submarine Warfare 


Weapons Systems. 


These programs and additional classified projects, 
drawing heavily on the ability of the Electronics 
Engineer, have created the following professional 


positions: 


Radar Systems Engineer. EE or Physics degree with a 
minimum of 5 years’ experience in the design, development or 


Communications Equipment Engineer. EE with a minimum 
of 5 years’ experience with thorough knowledge of single sideband 
theory and its application. Should possess a complete 
understanding of AM, FM, PM, and single sideband modulation 
processes and their application as well as techniques. Must have 
experience in analyzing and testing communication receivers and 
transmitters and should be thoroughly familiar with HF and UHF 
antennas and associated propagation problems. A background in 
digital equipment; encoder, decoder and magnetic storage 
devices is an important consideration. 


analysis of advanced radar systems. Work will consist of the 


analysis, preparation of specifications; vendor liaison; test 


Automatic Flight Control Systems Engineers. EE or 
Physics degree with a minimum of 5 years’ experience in the 
design and development of autopilot and flight simulators. Work 
will involve the development of airborne flight control systems 
and the establishment of military automatic test 

equipment requirements. 


Antenna Design Engineer. EE, Physics or Math degree with 


and evaluation; flight development of the latest airborne radar 
equipment and systems. Responsibilities include the 
development of support equipment for these systems. 


Digital Computer Engineer. EE or Physics degree with a 
minimum of 3 years’ experience in the design and development of 
airborne digital computers. Work will involve the establishment 

of test point requirements and test logic for military automatic 
line test devices and automatic and manual military shop 

test equipment. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION Bethpage - Long Island - New York 
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experience in airborne antennas and/or radomes. Work to consist 
of antenna and radome analysis, synthesis, design and research 
in a modern, professional atmosphere, supported by the finest of 
facilities in a new Avionics Laboratory. 


U.S. Citizenship Required. 


You are invited to send your résumé to 
Mr. A. Wilder, Engineering Personnel 
Director, Dept. Gr-26, who will arrange 


an interview at your convenience. 
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PERSONNEL OPPORTUNITIES 


aircraft 
gas turbine 
engineers 


HOW 
MANY 
YEARS 


from you 
to supervisor? 


It shouldn't be a matter of years... . 
but of ability. 


At General Electric Small Aircraft Engine 
Department, advancement is a function only 
of ability. Here, most supervisors are young 
men, and all engineers enjoy continual op- 
portunity to demonstrate talent. Both indi- 
cate a “young personnel” policy. 


Work is a variety of gas turbine problems, 
plus the decision-making authority to meet 
them. If interests change, our growth assures 
the chance to follow new directions. 


This growth is steady, secure, and based on 
the unlimited future for our 4/2 to 1—and— 
better power:weight engines. Presently, 
it has created new positions at all levels in: 


CONTROLS 


Responsibility ranges from idea to hardware. 
You initiate, plan, and execute design and 
development of extremely compact, reliable 
systems; troubleshoot control and 
system problems; direct design audits, 
failure investigations; serve as senior liaison 
to Manufacturing cnd Test. Gas turbine 
control or related experience. 


EVALUATIONS 


You evaluate an assigned portion of engine 
mechanical design; establish assembly and 
test programs necessary to determine and 
demonstrate engine mechanical reliability; 
analyze test and assembly results in factory, 
field and flight, production engine activities. 
Recommend design changes. 


Write in complete confidence to: 


| MR. RICHARD A. HOLLENBERG 
| Professional Recruiting and Placement 
SMALL AIRCRAFT ENGINE DEPT. 
| 1166 Western Ave., West Lynn, Mass. 
| 
| 
GENERAL ELECTRIC) 
| | 
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ysis techniques to automatic flight control sys- 
tems. Knowledge of advanced mechanics es- 
sential. Requires U.S. citizenship, B.S., M.S., 
of Ph.D. in E.E., Math, Physics, or Aeronautics. 
Send résumé to D. Johnston, Systems Technology, 
Inc., 1630 Centinela Ave., Inglewood 3, Calif. 


Research Engineers—B.S., M.S., or Ph.D. 
Research experience in aerodynamics or related 
fields. Projects in: aerodynamics, thermo- 
dynamics, propulsion aerodynamics of rarified 
gases in supersonic or hypersonic flows, hyper- 
velocity guns, high pressure, ballistics or shock 
tubes. Send résumé to: Technical Employ- 
ment, ARO, Inc., Tullahoma, Tenn. 


Aeronautical Department Head—Headship of 
established Aeronautical Engineering Depart- 
ment open to qualified candidate. New Cur- 
ricula and research facilities under development. 
Excellent opportunity for contract research or 
local consulting. Ph.D. required. Salary open 
for discussion. Inquire of Dean, School of 
Engineering, University of Wichita, Wichita, 
Kan 


Associate Professor and Full Professor—to 
assist in the teaching and do basic research in 
Aero-Space Engineering. The instructional pro- 
gram for B.S., M.S., and Ph.D. degrees includes 
the following courses: aerodynamics, aero- 
space dynamics, experimental aerodynamics, 
automatic control and systems analysis, instru- 
mentation, equipment design, flight test, heat 
transfer, aeroelasticity, preliminary design, pro- 
pulsion, and stability and control. Salary depends 
upon education and experience, Ph.D. or M.S. 
required. Write to: University of Arizona, 
Aero-Space Engineering, Tucson, Ariz. 


Available 


921. R&D Administration— Air Force Colonel 
planning retirement before January 1, 1960, 
wants responsible position with research, educa- 
tional or manufacturing organization where 
ability to program and manage material, financial, 
and manpower resources is required. Experience 
includes civilian aviation, manufacturing and 
business activities, in addition to military R&D 
administration, logistics, and comptroller duties. 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


920. Project Enigneer—B.S. (E.E.), MS., 
Age 35. 10 years diversified background in 
avionics systems as related to aircraft, missiles, 
and space vehicles. Extensive experience in 
flight dynamics and control, navigation systems, 
re-entry dynamics and missile and space vehicle 
systems. Available soon for position of in- 
creased challenge and _ responsibility. Salary 
area: $15,000 plus. Résumé upon request. 


918. Aerodynamicist—B.S. Aero.; 5 years 
industrial experience in performance, stability, 


control, flight testing, dynamics, and flight 
simulation. Interested in teaching, transport, 
and VTOL projects. 


917. Design Engineer—B.S. in Ae.E.; Age 
36; 8 years’ experience with airframes, escape 
capsules, wind-tunnel models, sled tests, and 
rocket engines. Familiar with space flight prob- 
lems; private pilot; ex-paratrooper. Seeking 
employment in design, project, or test department 
of large or small company. Will relocate. Also 
capable of supervisory and administrative duties. 


916. Engineer—Senior grade engineer desires 
administrative, supervisory, or possibly tech- 
nical sales opportunity. Age 29; B.S.M.E., 
1952. Will receive an M.B.A. within one year. 
Seven years of aircraft experience in preliminary 
structural design, including stress and aero- 
elasticity utilizing a direct analogy computer 
technique, structural and environmental testing, 
and production supervision (as foreman). 


Propulsion Sy 


oretical stud 
for the advanc 


Chemists, physical chemists, physicists; mechanical, aero- 
nautical, and chemical engineers are needed for an analytical 
group to compile fundamental high temperature thermody- 
namic data, to compute theoretical propellant performance, 
and to study preliminary engine performance and design. 
This work will include devising simplified methods for using 
both large and small electronic computers in these studies. 


A SUBSIDIARY 
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stem Analysts 


ies of high energy fuels 
ed engine cycles 


Present opportunities range from senior and supervisory 
positions for scientists and engineers with appropriate ex- 
perience, to positions requiring only limited experience. 


Located in suburban Richmond, the company offers com- 
pletely modern facilities, attractive working conditions and 
opportunity for individual responsibility. Living is pleas- 
ant in Richmond and the company maintains competitive 
salaries with liberal benefit programs. 


SEND RESUMES TO PERSONNEL MANAGER 
EXPERIMENT INCORPORATED 


OF TEXACO 
RICHMOND 2, VIRGINIA 


INC. 
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engineers e scientists 


IDEAS CLEARLY IMAGINED 
BECOME REALITIES 
AT REPUBLIC AVIATION 


During the early years of this century the airplane was only 

the dream of a few dedicated men. Yet in the short span of 

5 decades this dream has evolved into such advanced aircraft 

as Republic’s F-105 — the free world’s most powerful 
fighter-bomber — which is capable of flight in the Mach 2 regime. 


The same holds true for missiles and space vehicles. Thirty brief 
years ago they existed in only a few imaginations. Today at 
Republic the imaginations of many men are working to create 
the vehicles that will allow man to explore the last frontier — 
space. Included in this far-ranging research and development 
effort are plasma propulsion systems, electronic and hydraulic 
subsystems that will operate efficiently in extreme environments, 
and the calculation of super-accurate space flight trajectories. 


Working across the total technology of flight, Republic engineers 
and scientists see their ideas become realities because the novel, 
the unique and the revolutionary in technical thinking are 
appreciated and encouraged by management. New 

investigations and new contracts mean you can put 

your ideas in motion at Republic Aviation. 


PERSONNEL OPPORTUNITIES 


Immediate Openings in Advanced Areas for Engineers 
and Scientists at all Levels of Experience: 


ELECTRONICS: Inertial Guidance & Navigation « Digital Computer 
Development « Systems Engineering « Information Theory « 
Telemetry-SSB Technique Doppler Radar Countermeasures 
Radome & Antenna Design « Microwave Circuitry & Components 

¢ Receiver & Transmitter Design « Airborne Navigational 

Systems ¢ Jamming & Anti-Jamming « Miniaturization- 
Transistorization « Ranging Systems « Propagation Studies « 
Ground Support Equipment « Infrared & Ultra-Violet Techniques 


THERMO, AERODYNAMICS: Theoretical Gasdynamics « Hyper- 
Velocity Studies « Astronautics Precision Trajectories « Air Load 
and Aeroelasticity « Airplane/Missile Performance « Stability and 
Controls « Flutter & Vibration * Vehicle Dynamics and 

System Designs « High Altitude Atmosphere Physics « Re-entry 
Heat Transfer Hydromagnetics Ground Support Equipment 


PLASMA PROPULSION: Plasma Physics * Gaseous Electronics « 
Hypersonics and Shock Phenomena « Hydromagnetics « Physical 
Chemistry « Combustion and Detonation « Instrumentation « 
High Power Pulse Electronics 


NUCLEAR PROPULSION & RADIATION PHENOMENA: Nuclear 
Weapons Effects « Radiation Environment in Space » Nuclear 
Power & Propulsion Applications * Nuclear Radiation Laboratories 


Send resume in confidence to: a 
Mr. George R. Hickman - 
Engineering Employment Manager, Dept. 2J | 


FARMINGDALE, Lonc IsLanp, NEw York oa 
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A word 
about 

our 
Advertisers 


The many companies whose 
advertising appears in this issue 
are interested in you and your 
work. They are anxious to let 
you know what they are doing 
to help you solve research and 
design problems in missile, 
rocket, air, and 


projects. 


spacecraft 


AERO/SPACE ENGINEERING’S 
advertising pages keep you 
posted on new and improved 
materials, components, services, 
and supplies useful to your 


professional work. 


To request more information 
on any product or service ad- 
vertised, may we suggest you 
write to the advertiser directly, 
at no obligation to you. It 
would be greatly appreciated if 
you would mention that you 
saw the ad in Arro/SpacE 


ENGINEERING. 


ENGINEERING 
2 E. 64th St., New York 21, N.Y. 


to Aovertise/s 


*Aerojet-General Corp........... 16, 128 
Aeronutronic, A Div. of Ford Motor Co.. 115 
*AiResearch Mfg. Divs., The Garrett 


Allison Div., General Motors Corp.... 21 
Aluminum Company of America...... 12 
American Brake Shoe Co........ back cover 
American Machine & Foundry Co., 

Government Products Group. ..... 67 
American Machine & Metals, Inc., The 

Lomb Electric Go. Div. 107 
American Steel & Wire Div., U. S. 

Avco, Research and Advanced De- 

velopment 128 
B & H Instrument Co., Inc........... 31 
Bendix Aviation Corp. 

#Products Div... 13 

Boeing Airplane 79 
Borg-Warner Corp., Pesco Products 

Breeze Corporations, Inc.........+++ 81 
Burroughs 17 
California Institute of Technology, Jet 

Propulsion Laboratory. .......+++ 84 


*Chain Belt Co., Shafer Bearing Div... 9 


Columbus Div., North American Avia- 


Curtiss-Wright Corp., Metals Proc- 
DW. inside back cover 
Daystrom, Inc., Weston Instruments 
*Douglas Aircraft Co., Inc...... 68, 69, 125 
Eagle Pencil Go... 27 
*Eastern Industries, Inc...... inside front cover 
Experiment Incorporated..... 130 


Ford Motor Co., Aeronutronic Div.... 115 


*Garrett Corp., The, AiResearch Mfg. 


General Dynamics Corp., Stromberg- 
General Electric Co. 
Heavy Military Electronics Dept.. 73 
Ordnance Dept., Defense Blectronics 
Small Aircraft Engine Dept........ 130 


General Mills, Inc., Mechanical Div... .74-75 
General Motors Corp. 


Harrison Radiator Div............ 5 
General Precision Lab., Inc.......... 1s 
Goodyear Tire and Rubber Co., The, 

Aviation Products Div............ 1 
Government Products Group, Ameri- 

can Machine & Foundry......... ~ 
Grumman Aircraft Engineering Corp.. 


* Specifications and further information on 
the missile, rocket, and aircraft products 
of these companies will be found in 
the 1959 AERO/SPACE ENGINEERING 


CATALOG 


The only publication devoted exclusively to the aero/space 
industry, this CATALOG serves as a valuable buyers’ and 
reference guide to sources and specifications on aircraft 
and missile parts and materials. It is distributed annually 
to Chief Engineers, Designers, Production Heads, and 
Purchasing Departments of all leading manufacturers of 
missiles, rockets, aircraft, and spacecraft, and their related 
components; Government Agencies; Research Organi- 


zations; ete. 


Published Annually by 


Harrison Radiator Div., General Motors 


xJanitrol Aircraft Div., Surface 

8 
Jet Propulsion Laboratory, Collfornia 

Institute of Technology. .......... 84 

Walter Kidde & Company, Inc., Avia- 

113 
Lamb Electric Co., The, A Div. of hina 

can Machine & Metals, Inc......... 107 
Lockheed Aircraft Corp. 

Missiles & Space Div............. 115 
Los Angeles Div., The, North Ameri- 

Mallory-Sharon Metals Corp........+ 6-7 
Marquardt Corp., The. 28-29 
110-111 
Metals Processing Div., Curtiss-Wright 

Minneapolis-Honeywell, Aeronautical 

North American Aviation, Inc. 

Los Angeles Div., The........... » 124 
PacAero Engineering Corp......... 24 
Pesco Products Div., Borg-Warner Corp. 32 
Radio Corporation of America, Defense 

Electronic Products. 70 
Ramo- Wooldridge, A Div. of Thompson 

Ramo Wooldridge Inc............ 22 
Republic Aviation 131 

Sargent Engineering Corp........... 109 
Scintilla Div., Bendix Aviation Corp.... 105 

*Shafer Bearing Div., Chain Belt Co.... 9 
Simmonds Aerocessories, Inc......... 116 
Southwest Research Institute......... 127 
Space Technology Labs., Inc......... 18 
Stanford University 127 
Stromberg-Carlson, A Div. of General 

*Surface Combustion Corp., Janitrol 

*Telecomputing 20 
Thompson Ramo Wooldridge Inc., 

Ramo- Wooldridge Div........... 22 


*United States Steel Corp., American 
Steel & Wire Div., Columbia-Geneva 
Steel Div., Tennessee Coal & Iron 


Div., U. S. Steel Export Co......... 121 
10 
Weston Instruments, A Div. a Day- 

John Wiley & Sons, Inc..........000. 124 
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